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(6aM6c)^ig^3»aff««c 3M**K94)i?#r 

iw & , m * & m m & *t m m & ; m et m & ( timer > 




(^eduler)(12)#jK,ja« *Ei* & T»IBWm^#»o 



ft *l 9 * ^ 



2. au&jpjg* i ^w^rfe, ^^tE^E^, ffi&fafc&m, m&ftm 

^M^— ^Biftffl/' + tt*— -t-fli^**— ^^^l*<l s » 



9. *qfc*Ug:£2 0fifcW;frac, &#£E£^, -&&^T&^: 

*, jifjfiw* (affected) tt^E^w^a^aas^-^ajfeffl^w^ 



11. immm$L 10 m&&)jj&, mmw&T, m&mmfrm&}&w& 

12. ii mmfft^te, ^^tE^^f, mmnmfrw i &i&m& 

(timing means), Jffi£&Rt«^«#J9fi£S«i*ttatt^fTXta[«#»n 



w & 



MINT 
I. 

II. 

TIA/EIA/IS-95A f^^-I^it^* (TIA/EIA/IS-95A Mobile Station- 
Base Station Compatibility Standard for Dual-Mode Wideband Spread 
Spectrum Cellular System)" , TX*fo% IS-95A CDMA %mtn 

ffi^tfe^ifeffi^i^i+SSiS^TiS^^iSf^Ji^o &%&mt%%t*¥5km CDMA 
&JF.mmU&Um%i "SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION 
SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS " ^ i 1 f I 
4, 901, 307, tyRUMX) "SYSTEM AND METHOD FOR GENERATING WAVEFORMS IN 
A CDMA CELLULAR TELEPHONE SYSTEM" W^S^fJ 5, 103,459, -^^IJB^ 

is-95a »»w«TH!t#«#aflir**#. ^jft#^^«nw*aE«Tt- 

«Jn. i^ittiS^raWBtHft^ttiPBW. fifty t& 
*!R(carry)»iifnH»rartWiS#*«- n? ni] & « & J§ . B#I£ltt#3#r5i^ 
ffi CDMA ffi^iia— ^asgte+BSa^raHt. M&*affi*»ttil 

cdma ffl^raatfwafir*aa*ttJirK^w- > h«^'t-^ 



^4-&±ii?mmm-^mm$i&jo ^m, &m®.j± pstn ^m^m^ 
mt$i±&}n-^mpfftm& a & is-95a %%t*, mfamfem&fammmfr 

^MMffBt, iffi^^M^-^— t^EiaiTM^o CDMA 

"MOBILE ASSISTED SOFT HANDOFF IN A CDMA CELLULAR TELEPHONE 
SYSTE" ^ffl^fij 5,267,261, £$f it*8t:£2t BJ git A# ^ 

IS-95A €J— ^^Efflfira^ifB*. ££fr«§i& 

±#ssw-^ 28,8Kbps Mftmmm* %mmm \n mmmmm, m-&*m 
i&M&ffimm&TSL 9. 6Kbp So is-95a fam&^Mfe* ^mmmmm 
vivxm&fotomm&m&itw. mm, i4.4Kb PS &)%i&&m&mmm 1/2 

cdma m&t&—^r mm&mj&mo rm^Mim wot a 
ffi»*nto. ^E.a^ttMtnryai±##±i*##jtitt*#fti- cdma 

gf^itWW + fll^ffffiW^tt^iR^E + X^. T&i+!*t. IrI^ IS-95A 
**?££K] CDMA — ^ 1.2288MHz M^M, M W'fitttSf^WSd^^W^J 

ffl* S|S)«^±. 28. 8Ksps 

flHIMEfi'h 1. 2288MHz Mifrftft±Tmto* 

Pg^llo at IS-95A 3££Si# *P 7 R &} , ^M£J1 



E b /(N 0 +I 0 )«##il£M7£¥±. E b /(N 0 +I 0 )ai^. IS- 

ftfg^f. Mfa&Jfttt^gfBimte^Ja**®* "METHOD AND APPARATUS FOR 
CONTROLLING TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE 
SYSTM" tfjmm^m 5,056,109, jit^^'J £>ft\ki£*!£W ift^ih A- lEifcSI 

Hj^iI^^^^#jAL^IS^7 "VARIABLE RATE VOCODER" 
faUffl^J 5,414,796, i£^JB^Lti£#£0Jlft^itA. £iH:3l & ° 
*fT CDMA 36 SnIfi/h[x^:^^ffl^^i'J#W^^^^^E^^^ 

4i£it^&# 1. 2288MHz CDMA 
#J.^Wi£f!aJBi^(Gaussian)#;fiT^i£^. ft ^'fetfjiETSftftfM, 

3dB wgftsfii. g fiSWJEKi^E^ryiift>feWii A^^'hE^^ 

cdma ^gE+wafciBffl^r^w^is^ffl^^rawwffi. mm, mmmm 
to&&mit &&&&&&&&& ffi+mtb&ttft^z-ft' ««xf^*. x*» 



*«f!W->hMW3Kllt***«K*#ll«iB*»»*»«[* (burst of 

dataK Gmmi&ttmmamifymm^Mft*mttimmi&&*mm. mx*^ 

jg^TH^&ig) # J5Lt*I!l£l " METHOD AND APPARATUS FOR THE FORMATTING OF 
DATA FOR TRANSMISSION" 5,504,773, i£^#J B^ifc^^^^ 

s*««[«^«9»A««9#rjt«jr> tWKi 20 £ 
28.8Ksps awtg&^t, ^— 20 mwitmmmmm^ 576 -^s^. 
1/2 n&mm 1/3 #&mmmmmmmn8&, mmm&&&ffmmo 
1/3 mm&, %zffimm%:U% 9.6Kb P so & 9.6Kbps MmffiMmr, n-m 
mrnmm^ 172 12 ^m^K&foMtmo&w s^mmm®., 

mm^^m. ^m%^mmmm,*mi%Lnftmmw&&*mu% 1996 

^ 5 ^ 31, "METHOD AND APPARATUS FOR PROVIDING RATE SCHEDULED 

DATA IN A SPREAD SPECTRUM COMMUNICATION SYSTEM " ffy H 9 ^ *!] $ if 
08/656,649, (MS^if B^J 1996 ^ 5 ^ 28 0 , **J®& "HIGH DATA RATE CDMA 
WIRELESS COMMUNICATION SYSTEM" ftj H ffl ^ jflj $ i* 08/654,443. — B 

ttfcfamm&J^&m%i$r* (voice activity) * ¥ M £ fli W « W ft W 
E&fittt**ftfflflE.ft. £ CDMA JRDEt. iai+Bti£J&^#J^J§^aWltt£; 

*h, 4^^rw«^^>E5irax*aiB 



RruJiaa&fijtt*tt5pjffl, #»ifc cdma iRftif'Man^iftsjs. 

(unscheduled)ft***TttfM|sfli£ft». 8JK IS-95A, ftzMEflf^tefc 
28. SKspso ^BlSftlfc^^fflSfe^jtftMISJ^WJRIBffaiTmAft 

*tt®£(scheduled)#|ftiS*, i£&*^£#^iIMT^*ltt^3t'ff 
§t&*, #£^41, ^itl^S^i^ (scheduler) & j£ i£ ft 18 # $fr * 31 

*RW&}Bm&&T& ! g CDMA j^^&faSii&^Sfi^iJflio ^Sifta* 
it. HSfrf « — *E B*W&l^«»#*W«AWATlfi#Ili*i&W*«i# 

Sli&_h;£i£ftJgo 



««5H$3£ttft&fl:. ##E3lJ£W#*Hi*. ft*«4>ffilft 
#M^W<hE*. 3S#3llftftlg*, 3M#i2t«Jft*3§3U «l ft 



ftiffim (scheduling) i£M.1m — ^'hE*nM4>— -^i&WBt 

mmf, mtt&teitt *)g*f*6Md>— <i^EW&fii«j»#ai 

StlrilltMSKB, affiFHMS^— ^h/hE*^— ^fiiiftWffl^. 



n 2 ji cdma iE^^^f ^nm^mm^n^mm-. 



^ffwwaettaffir**. &i&£tt*ftn« cdma intra. &cdmai«i*, # 

sat a* 6d m 6e ix^sM 4d mfm.m, nms.^E.HLntfymmf^ 6c & 
#\*\tt^mi& 4c ip 4d . as cdma *&+3RE#;tt&fi<j 

*Sl?JSL±3£Jtffl1f*iJ 5,267,261 

»&&it#£i»W cdma ^^^^^^W^rti®$qg 2 #f^„ 

H 10 ^^iN^iP 24, PSTN30 CDMA #J#rW*KjS& 4(^Tf§J 

tt, n 2 «fttHmT-^*tt 4>^pii^c stt&tt* 10 cdma n*§ 
^fts*** 6 &R^frm.m*&mn 24 *p pstn3o ffi^wMffl/'tfiwa 

fjff. ^*jf£)tt,&JE, n 2 +<5tatBT- > hift#*5c# 14, sfeRLt. 
fi*J« iO-S-W^^«Jiaa#*7C#l4. #E->MS##7G# 14. ffi*ft#J- 

&w&m# is ifij»##7c# 14 ^it-#r^^, ua^^s^ 4 ^^eeitrfR]^ 
w>T)UL£mm&fe, j&tammmitmm 40 o n? Pij&#j*bM 40 @#^4- 

4 «ffriqlttft±4<Ffl|jtt^EWJai^S!lSIHtt 6. 

JBte**. mm® 6 tfift&ftJSft 68 51iS^#i#*^^M[Rl^5i^ 72 ifti&Efe, 
mf^S^f^So®^iJI§68pI^^^m^J^.m^baiS.fr^^t^^:S(DSP) 

fctfrtw. tew^ asic^*s£kj, &&'i?±&$)mo ft^MMMmmm*, 

72 &BB±i£HB^*J 5,504,773 4>}gi£lft * ^Slfci+fl^ilft 
Wife^Z (Blank and Burst signalling data format)" , *iT%$i-fa^Mff*& 



^^^^^^^#^ldi)l*J^(M0D)74 o iMffl& 74 ffl^ff (Walsh) mm&to 

mis, m& 6 64 ^^m&ivi fatten* 

74 m&fcftTmm&®>mP(pseudo noise) (PN)^^P0 PN 

m. ^mmm^fafemm^ 62, it« 62 ^-^^ia^rii^. 

^.^-^[RJ^l^^it^^^^^^PN^JiJ^^^WN-^ (temporal offset) 

iM&&&mMm& e^M$i^\m*&fe&, £ is-95 Mjfc!!&ifi0J + . 

4 Ah. fifottSHir ^**C« 44 &J&, #*14ft3J RF 42. RF 

ftm^m&mmmTti* 40= mm^tw 40 x^^^air^^^ 
m&&faWi&&ft&&&T&&> #iMf crc foufc^Mto &i&Tgm&}%iM(W 

inaESj* 12 6<jg&io 

12 10 ft WJff**«7C# 14 g&jig*, 

# 14, j&#«7G# 14 jft#«ftfifA«fiffifai7C# 40 6*1^4, ftit7n# 40 
7t 42 Xt-tt^a^fT±iSE«3fP*fl i a«o fc^Ai^fe 44 #||u|p]$g]& 50 ±« 



&&m& 6 ft, mrfr^& fir -*§• 60 gift, ^i^^il^lu^ 62 0 str 

^ii#50jl¥iH#(DEllOD)64. %^M£#fer-^AMill#64|||ill, #£1^53 

^6^ t ft«tt^NiAXk«w. mmmfttom, ^e-^wwb* 

**j&»ibw#w*7g. gtigtfuu&fgag 70 72 0 mm& 72 $ 

5,504,773 o tt£ttftftft»ttattigiJ|lM«74, ^fr^i^T^ 
iS^^mT^ 62. mr^ 62^ffs^3S^T^^> tt^C. ±3t*. £&|R]£$j&52 

wm 0 %L&m&]m j %&mm.%ft 40 *t&id&9»7G# 14, i&##7c# 14 

sink)22 ±a«#WBlT±i*ft CMIA ftlfcJgil'flr^iS Wilff • 

#Fi*ilftgJ* 12 *ia#*7D# 14 RnsA&SfcaStt 4 ft o &*t#*if5*;itt£hil 



jpsuff^, 6 cdma psi*. ^a^m^-^^ 

mm&mj¥ 12 ^^^-^s^^©^^, bp^^^wirj cdma ra^sa^ 6 ± 

mmm&mj¥ 12 ^^^is$ps 3 ^m^o 92 a cdma N+iw 
mm®, 4 ^^n^imum, ©ftJ* 92 Rrm^*«!«!i 

la&sgs sfc^-^Aba (dsp) s^-^fiift asci wimt 
aajff»3tw?biB- 92 10 + W0Hm##7u# 14 % 

fft^hSPff ^-±lft#li&|g&S (on board oscillator), # — ^ £b £P ii 

^ttsc^^^Ki#^7c#. ^^tc# 96 ft^m 92 mmiktT&fam%mm 



10 



^m— ^&mm#m 200, 6 ^mmf-m-n^mpmm 

mmtovk&iM^ 4 Abja^-Hginw 6 w E b /(N 0 +i 0 )«*^*p«i# 

mm 12 mig&iitfjfim. ±at-ffla»msj»^Tffi*» 202 m&Mj&m 
mm, frmmTm-mMmpto&xmfeftmmm. mm^&mm 12 £ 

^9 204 i^«-Siii*^i3£^W*^:«^#*a[*«iT»ft^J&. 

«^**flue#»a*wa*T»«w. ^iUi**®;* 12 ^^^206 

m 7 ^fis^^s 202 ^m^m^mM^m^. 
femmm&}#&&m s +tomumm— mmm&mm 12 # 

& 6 ft^tt&MB^USlgS (queue size) ^ &2tj££!jfiiti^Jg*Iff 12, # 



i^, mmm&mi¥i2ji~Am8ffi^&jffi>mm<> mmmMfr i2&^& 
2io^b3Ff^ D m-^pm^, 212 ^bi^it^^^^ 12 it# cdma m 

^ = i-f (1) 

■ ax 

SI, Q avail &!3£fe*tt&fi«£gH». P P **a#ffiH*Eflli££ 
*-W<hE*hWSMfcSfr*, flff P.„**E&*:fcrtTfrJ&*i|fe:5b*. as*E*b« 

1 unscheduled 0 

jv (2) 

*-^ f 1 US P 



m, [V2^m^m^mmmmmm i ^is^^^^it^ E b /(N 0 +u 



#j^i&#7i$I 0 XtT— ^MS-95A^^E, W* 1.2288MHz« 



12 



ftmMi%femMM&M:&^_ i ^*if*Hfto ^rW, #SBt 7 <hE itt^ J:*n 

mis, &#m2i4, mm.n&.w 12 fempftvtftmfr&o 
temmmfrm\E\m*Mm~^#mM, mmm&mft 12 216 m 

3fiRjW^^®Sffl/ i W^E-&«^E*^^Bi3feffi/'Xf^J«jiffl (active 
member set) + - ^IS^l^St^^^M^- W*—^* 

EHtt»i|fci*E^JtfftJ£W**. Eifc> *r^IfMfcfifi + W«-'1 w <hE. 
fcFiaiHJKe/* 12 218 TUFffi^TSH^/^WA^Rr^fipftftiS*. 

5£^& 6 3ERrWfil<hE*a— ^**WfirM*. i*#8H#*&5ME*r 

<S3ttiliM/¥ 12 &nJ&mffi&#m 222 MBijfeffl^aH^fcB^J* 



13 



SB7#^ri$^Ui.B, tB^ES* 12 226 &JAQtftmf¥&'P£:&TMMfe 

mpo figjs, 228 jit, JE«f49-*EM#*. BAfilft#K»HIH!lJKtt 

E, «a<2)£BW**«*PMWI#Kfi<JTfrirfc Qi = J^i ■ Ri/w M^m^ttM. 
too #3E§fW#*ffl^l24BW#»i»**E- MM. ^fittilflESJ* 12 fliJt 

$ki§ tL&ifrM 230 &fomftmj¥m±MffimMfempfrmT~^imimm 
jo jD*«:5fe*ff*^*aw. MffiritinftSff 12 mwm 216. #irjt 

232 £h*£3u 
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SF*Io 



«iftf)»J^ Wm3E*5S(2)+JBft P.„<&, * 
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«->h«rt«iaiS!iBS^ffl^w- -»^ii(rifiitt»K«8iHjH:M»iiia--ap^w 

1/10 tfjjf^, TEM«fcNfefcl 

mm (schedule) ffi'&m&jfflijmmmm'btto &*H***-*»rt ( R 3 fr-w 



ftSlS&^Mo **55iJ£4#**i£*ttB*nO* (schedule) a^iMi'JB^^IB^S 
^I^^II^ai^i^jSnJUi.* CDMA W 4»ff W^TitiiSS/? 12 3ft fi 1 . 

11. fem&^nfrm 

(sub-optimal) ^m^SSo £V|jft]S&89H. 3£&tttt*RTfl&Bi£:i££7£ 

it. raw. ttj&BiftRriufc^Jt*. ftnis^iE. 

te*frj**A<J'l1*«T. 3E»5RJB#ai»¥Wa'Iii : ?Sfl 5 (rourine)o Sffitt 

TWflE^Hfl 5 . fi^Ttt^#a«fl5W E b /(N 0 +i 0 ), MM^AJi^. * 



17 



240 £b5Ff& e &m-^#m*, 242 m&TM&mfr 12 j*£.m#t 

fjlitiJfjg^ 12 £^3£ 244, mm^,(2) f \\% CDMA ^^^-^ 

&<^mmmftm^mftMm-^#m*, mmmmmfr 12 248 
&&&M<mmmViftmft&}%:mmMMfemj* * mm, mmmmnft 12 « 

«3i, 12 £^3$ 250, i«— afftt^EiMMMW 

^fi^E^ttfiftttft**, 12 252 £t, MS^CPl 

£ #£.^^^^ 254 Afc^ae^8P)i#i«j^&fi>M&«j^^ffi^o ^e^^ 

256 £t, MftftJ'^^^gi^ift^^o Bfi^. 258 H 



^^WM^&m&jmfempM^m* mm, £^ 260 £t, mummm* 12 

JE»'>E*. ^**?j&SIr!«»***^W/MS. IM, raifiWftjSJF 12 
£#» 262 &*|»r/hE**??£7. JP*/>E*«Wffi. JWJ^atWftS^ 12 
^E^V 264 &jflWfft5fc«JMJ£?f!e7. & jHtfc5fc^/f^& W£ , JHJfgTiSil 

12 milium 24s, ft&M t GT-+mmttftmi*to9t&mttmfcm 

Sdilfl^^ 266 

Jo*'hE**fcW fer A#frft*|fttt&&i|fe:tt* p A ii5 : FfliJ£8j 

Jfl'JffjilUJg^ 12, a&#5»7C# 14 5^E&W&dfc&t|S0iffiiJlf*fi 6# 
mMiMB£MJ¥ 12 «'h7*bSUffiiB. #-&il^7£|n]$li&±lttMfi 

*T«ift*#i, #jufc*«tt*. wa*iiii6T5'i5ii«*ft«ft«ji8*«i?t3e 

*a«it*#. (routed) mmmmMfr 12, 

«jg# 12 &*mm&Rm+mm*. 
in. a«tt«r^«r«i^ift 



MM* f&ttL&m&Rtt CDMA 6 W^FJfcWIfilfel- 6 

wiift, i%fer ML-^^mmmtTk*?, iBrtmffin.m&}^>&W-? £ fa° m% 
E b i - Rj<p na x. J < 3 > 

Ri = * 

6 wsstsb****. 6 ^mit^^ CDMA 

^J&lttfi^ltt E b /(N 0 +I o ). *sfc±, E h /(N 0 +I 0 )W^IsfiE3g4kRryA^il 
ft^T 60dBc ^T^lM^IIWftt,- 6 ^ifz&^iJl^ 

W CDMA ^*£,#-^5£ 6 fti^ — >h 60dB MfflfflTRft3£iS&2j¥^fti!], 

& (headroom) . i£tf#{if$&'(£#^& 6 ffltilffi ^ 

E bi -Ri<a .P max>i (4) 
±&.tt$}&tti — *£F8Ttt&* PJa=0.5(3dB fi«]#^5b^) - J?r3^8J^& 
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E bi &BPtt£9&ftWj|^ffi0f3Hfcfi<I&[TFtt (predicated) 45&6tJt£S, 
IBiWH^. SlT|-W«tttt*RrKtf FER^ftBtliiiP, H£#£ FER 



£ = =4 S(R i7 R s ) (6) 



Pe^FER, rfa f (Pe)S Pe fiUS^o f (Pe) oJiUffi-^^^^^^, 



^=^^ (7) 



a* p ffla x.i^ Bttrg#w«&ife* E bi &Rfom*'h&mmmm.m&mfr 12, 
iv. 

CDMA *&*£fc«lfrWM3=££*-aa*Sii!i 6 6 r$L 



21 



>1 



(8) 



Pto«.i = *E*»lfeWJB#*. 
P r =^£MI^<hl*5K£££&i|feM:sb*. 

^JtSfliWi 6 m E b /(N 0 +I 0 )^T^ai: 



— £ — (9) 
6 Xti»*Wttl6*¥K*^FWtt E b /(N o +l o ) 0 »3te±, 

ftaiRtt e ^/>Ena«ffiiQfi<r7nffrft. rt&mpfrw E b /(N 0 +i 0 )c 

«Pfi5f*W E,/(N 0 +I 0 )tt±M**ttit*fF. #»J£n, jSJRtt 6 & CDMA R 

3Eife*?fr*ft«a*S[«t**3E*W. 0r!2A5#to E b /(N 0 +I 0 )ft^c 
El^tfa£i*iftffrit&#Kiafc*, E b /(N 0 +i e ). 

+ #91: 

P^—^-jT do) 

P totI1 ^fifltt»*itt*«l**ft*(lll. ^<10)## 

tw^y-r^^iRaEtefttRtt*. ^ao*, ^s^aiffi i.o m, p total 



IlftTMf. Mizzle ¥ WTifti&ttatftt 6 £EWto:#*TiiMT£*f. 
P total W±RSidPB#J, W#iiE#1BJfeft*tt«&IEB. P.ufilll^jiSiftttf 
E b /(N 0 +i 0 )l:«-5 FER IflqtMWft*T£«MEi&**fc# 

BlfcJB^EftW E b /(N 0 +I o ), BjfctiJtt#3MWW FER 0 

£ <h E Ah £ 4fc W S E b /(N 0 +lJ$H#ift{g^JtS. <hE«*&4fcfc!te-SiB 
E bi /(N 0 +I 0 ), 6 £&f-^£!W^, fit 4-3*111** 6 

E b /(N 0 +i 0 )ft£Ts*^H*{e««-?&*i«ip ldB 6ti^5a±SMc /hEtesrwaai 

ft ft E l /(N o +l 0 )*^ift«j£tt»4'3i»tt 6 MHK£J*«j*. rtJF«HH«3iS 

tfJiWltfttWWft E b /(N 0 +I 0 )^#^ 

^^(FERJSB^WS^WI^IgTK^. |!Dfi^W FER i* ^ 535 £ ft * ¥ , WJ 
'hE*W««£. ftUH FERffc^fl^ftTK^, M*EHMB5««jft. *J 

tt 6 Wia*^Xi*®Tf-S*Si!t 6 0f9*ft E M /(N D +I 0 )«^ i . S^MFttft 
#f|!^ft E bi /(N 0 +I 0 )o 

fcJESSWftft^. ift«jS^llf^*fffll E bi /(N 0 +i o )Wfe#teTt-. £ 
HI— *M*RT. 3^&6£*;*ft:£Mi;^T:£#t, <B per 
3*w& 6 Ab^-^-t^Eftllfcttafctt*, ^I*-/>K«ff-t^HW 
E b /(N 0 +I 0 ) 0 ^7{£^*£*3£fli3^& 6 ft^Fift**/h, jo*/hE»4-3 
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&mm%feWftmm^M;^^m&}ffim E b /(N 0 +i 0 ) . 

*e*aamrI— * e sue to p Rms-^^M^ 



^^(12)^^, WWJ^5felir«l«*«JIBWfllA*«i^a^rW&lRltt«t 

^mmn^^^Mm^^^m^mm&mm^m^^^) . #^(12)^ 

6 tt&&ffltt*#fl:. P MX Rr^«M«tihtt P t ot al sSc^itW fer#t«o 
1m%:W)M fer ifjjp, m^iZtti Pft.i**' jam&ifilftSJ* 12 rT 




(12) 
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v. 

cdma m^mmmmft 6 (*iatt^*'>EIMfctf*tt*tt#*. Afc^tt 

t^m^^T^^-iffi^^ 6 H^jffta^^/MSifflf. £ CDMA J^gE 
+ 3fcJB$fctg&#JSL±i£3lffl^J 5, 267, 261. 

i4##7C# 14 |6H&itiHj8jg# 12 £i£ CDMA W** — 6 ttIf£/»£ 

-^<hE. f&itii&gJ* 12 itjp^ia^E£#tt**te*fr»*. 

^#^*iis*w*w*'>»»ft»a*)tf^j9fwW'>E, ^£^(2)6^11 
vi. 

jfi&m, ffi&m&&&ttfrw**&&mmtem.mBtmj* 12. mmnmm 
f* 12 rtk^k— mm^&u^ 12 n^^xm^m^ 



#JES 10, ^rfeU k 4fb, mMft 6 IHM#i£M#3gflmy!l;*:'K 

k+i^zt, &mft 6&\&n^^mmmmm. : m8tnj¥ 12. g^in^sis. ft it 

^jKH^ 12 *P3t&« k+7 £mT, ^#£££iim#«ili£¥Ti^Tlft^# 

HP^iW k+l mm k+6 ^.KWW(Hrt#a6fi«i. W«3fi£i&#flW*^#IM:£# 
RiiJW k+l SO k+6 W^^Bt^^at^T^'f^a^Wa^Tafi'W. #t 

mm.Hfr 12 «SEB^^IW^:<b- ^itiflSSJ^ 12 ftiitft^Ett k+l fp k+e^fa] 
31 6 NjK«ttA)SlTh#MI^^M«±. 

vii. MMMtttt 

m&$?m&}m.m%m* mm. *i\>m*nwmT cdma globalstar^ 

g£> B^^^feh(TDMA)^^gJS^^a:(FDMA)^^o ^JggHfaRnSJUSJS^ CDMA 

Mo m&&mtiim&*%i®&) : femfttf!* 

^[Rl^E^^Uf WMm, 6 ^PT^5l^{git±^-BSW 1 (§5 9.6Kbps) 



» i, i/8, i/4, 1/2 m DTSi^^i. i»*iirai«j»g^ 12 w>t 

^ilk^-fam^nH — ^fi^f it (secondary code channel). t^/hEiifiH? 

^ raj , ±&i^m.&ftmi&n-^immMi 6, #_aik#f§3H£*#f^£:i:iij 

% " IfT |RJ$£& it ^^^6<J^fi*^P^S (METHOD AND APPARATUS FOR FORWARD 
LINK RATE SCHEDULING)" , $i# S^J 1997 ^ 2 H 11 0faH0#*U$i£ 
08/798,951, i^^fij^if e^ih^^^HJ^^itA, £jft3li£^#:%o 

Jg^^M^Jtm-^i&^Jlft'f A (subset) c 3£-i-ff it^fiEfe — -t~ 



i fij 5 j®m° sfcfcfl-w 5 Mftmm^&tmtt e *j&&B-mmmm i m 5 ± 

VIII. jHz:«m#itntt«WiiH 

&±&mmi?m*¥m 08/654,443. Tmmftmm»ftmffl&, ^rn^-rnm 
m-^^mw^mm^ 72 ^mm^mmnm 4 *#t^ c mmm 70 * 

^*«3Sfifi36SlI^EWflrA, »i± DEMUX(*^i&fiffi|§) 102 JfofcJ**fe« 
— BPSK QPSK {giSli^^ 104 fa 106. DEMUX102 M hkWiWM 70 
IJil#^ BPSK M QPSK fgit^Si^ 104 fP 106 Mm&Mtf££&Mm . BPSK 
fQ QPSK fgit^^^ 104 fa 106 *mHi£^f ^f£fPm$f#^, 
iSfMJi^SiJii^m 74o liSWIiliMfiil^I, gp^ BPSK QPSK, 
^^^^m^E^if ^ 0 ^5i^ 72 pJ &m-m. BPSK 104, -*& QPSK 

isMmmm 106 bpsk 25. qpsk muttum^ 104 fa 106 mmiz^&o 



& BPSK #sjI£UP» 104 70 faife^#B§/&$[}gM , 

#314*31 CRC 110. CRC 110 ^^ffl^HWW CRC «A 

£!!5iJl&, CRC »SIW*iBli«ia*|R«l«# 112. 112 ft 

crc mmMmmmfmmmm* *mm&nm*. Rmikvivkxm&fa&ft 

fi^jKfOiE^, <B#*R^«i3& 112 ftRfef-|&A£ K=9, 1/4. — 

A- K=9, ft* 1/4 B<J^^SftiS ; i : ^*g^^lR]li^'ff^^^^5I^ 1/2 

mmmmmm&±mmm]xiMmmw&.&:$Lm& (block interi ea ver)ii4 

#&'>E&fcW3€£&M4*(burst errors) jSfi'rS, #*itt£'>EAfc&# 

RT2KjSttj«*»« lie ^i&^^^&ti^ig, #m*-& n b »&. m 
ait 307. 2Ks PS mufeifttfi&mTtmmo &mis-95Afom, m-mmmm 
w& 20 m®&> & Rmm^G. 307. 2K Sps w^it*.TW 6, 144 -t^jc. & 
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WWII. ^^^Wmi^TtM^JiJBPSK^I^S (mapper) 118, /^ffi^ 
QPSK^ftil^^^ 106 tfjlilB^ BPSKinmmm^t 104 WSjIB/L^IrU 



tt£Sftl§« 70 fttt«&ffij£9tlBM. ^f&fiilil DEMUX 102, JfJI^Slj CRC 
130, CRC ££21 130 ^^IgWia^f^^^fii (block encode), 

crc mmM&i&ik&M&mmw* i32 e 132 mmm 1/4. k=9 

^f^*m crc mm^mmmnm^mm, ^m&^u&mnm&immmm 

»igil^iijRr5EjB*6^*«:# i36 D w^jS*6^«»» 136 f^-^It n q 

en. 4Ks P s mm^mihmTtmm^ &nmfim7tn&m qpsk 

WXtJ&^QPSK^-l, W^QPSK Q =-1; (0, DSaL^TcW^^BWW^lS^QPSK! 
= -1, QPSK 0 = + 1, ^^^PSKjfP QPSK Q ^ttS*tW^7t;31^^ 307. 2Ks P Sc 

crc no, -s^^iE^^wifcig^w crc # crc mmmmm^te 
mm crc ^^ifc$gia^r#iR^^w#iPs^^i» 112. m^.^^^i^.^^m- 
-t&£ft« 114, x^^ia^mfr^, ennwwfii^. m^^mm 

fiFT*j6«»J«lM* 116 *J 136, lii DEMUX 102, tJBT 
-t- BPSK fn QPSK inMmmgr 104 jfP 106 o Sil^^^fW BPSK *P QPSK it 

m.mm&&} cRctk^m^ mmmm^R^m^-^ crc££s§> 

»— ^^JfcWWaiftWi 6 74 ftj*£5ntIBB*nffi 5 #r^„ 

72 #£IJW BPSK. QPSK^ QPSK Q $&ft$t#fc£lJi$ffeim 74„ ^ BPSK 

*SrtBli^^ — tHW^ BPSK &&fl-iiffe|# 146c £ BPSK & ft* #J * 146 
+ . 150 ffl»WWSe*ff«*«*l BPSK 

Ur 160 m— #'J*o, BPSK^ttsi^^ft-^ w^^y, # 

B^^o^^^.^^-^h QPSK^ QPSK Q ^ffl*tll^£!l#WW QPSK 
^f^fm 148 0 £ QPSK ^ffillf&l* 148 * , 152-156 
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ww$fc#fl-ra*r qpsk mmmffimfiMffl, #&&tem^ 162-166 

if^Lia^f^^o #J£R, QPSK„*n QPSK 01 W M+l iH «!l , 

QxSfrSfc;*:- ifiiiE^ 158 Site PILOT ^AM^M^J 4 1 , i£ 

^S^IES»*Hffi^Wj2*'fe s Nflja. #&AElJft& P iWHrffift. pilot 

■f&#^"£Wfti8, ffiii^S^ 4 ^tfj RF 42 n!&m3fc&&&m BPSK fP 

qpsk ^it±^ife*ga^f #^i*wft*MMfc»te-5. 

jtb^^i. 168b i&ftftftmwffltfj&Rm&w^&i QPSK Q fi-^*@jn, 

ft^s^- x QO Efe*R&2l 170 &ftfc4+mffi®MMRm&TM^M BPSK 

^^1^^^ pilot m^URbute^ i68a^tH^*q, w&m^ X IO 

& qpsk iMi&\Mm^Mmtt(i)miE&ffl(Q)!&fr±ty^fofrft pn iitjwft 

PN5^ijiS^^^ 172bffi$I PN Q *i*iif&|, 1^^^^-^LPNqc 

174 ftUP&SS 176 S^Tfl-^ Xj^P X Q \>XR LPN t ^P LPN Q ^^ft^m = 

(X! + jX 0 ) * (LPN I + jLPQ Q ) = (X I -LPN I -X 0 -LPN 0 )+j(X I -LPN Q + X Q -LPN 1 ) 

(13) 

*T#id±3*«f*. tr3fe**ttlll74afflLPN 1 Xjffir-9X I jtt^*ftl. £t 
7*4=^35 Xj-LPN,, #*ffl&2& 174dffi LPN 0 il^, W^^HefR^X'LPNg. 

«*, lub m LP^rtm^mffMM* ^r^mm^ Xq-lpni. # 

174c JB LPN Q il$iJ, X 0 • LPNqo m 1JQ&%r 176 ft 176b 

^M^tlfUM^, ^M^/SW^ Y^Xj -LPNx-Xg -LPN q , \>xr Y 0 = X i -LPN 0 
+ X Q -LPN IO Y,ifn Y Q #E^&(E 5 #J.$HWl&««» 178a 

*P 178b fflraffljE^ift C0S(Wct);|*IE£iE&i& SIN(Wct)illM. *g«£t# 
178a ftfj I #**n*S$lJ§i# 178b W Q ^fi*iP»4^ 180 

qpsk m^mmm^nmmmm 62„ 

74 *&$3itM&* S BPSK Si QPSK 104 » 106 

M BPSK ftftflUPHft. Iffia* QPSK ftftttftS 106 o X, BPSK ft 

«. #J. X Q = 0 o ^±5^^^(13)^^#^^*, Y^Xj-LPN,, #R Y 0 = 



x i -lpn qo Eiitt. &n bpsk m&%mmm lot &j bpsk mffim^mttoMPK m 

£T-^#'JT4>, <g-&H#£ QPSK #^46«9# 106, rfn^£ BPSK ft 
it^i^^o , X^W QPSK^Jg, rfi] X 0 -^W QPSK Q |fcig. HrfiEffrfi^ 

Y, = X, • LPN X — X 0 • LPNg, LU^. Y 0 =X, • LPN Q + X Q • LPN IO Hilt, QPSLj 

&mm^mtfim. pnmrm, xm^fr^iE i m q frm^i*}* ^ttmn, qpsk q 
mffim^mmpumrm, #*^i« i *p q^m^o Y x jtuffrM^- 
$p±#t3£, bpsk qpsk m mmq^w^&Mi&M^&if &m 

Mfti^Mffl* , ^ BPSK 5^^ft-^$'JS H6 #Sfi££^ — >h BPSK 

^ 104, ^ QPSK y^^#TifiJ^ 148 ftW>%>%— QPSK 106. 

n — tt BPSK ffil^fl 104 *P BPSK 146 £ * i£ 0j§ 43 4 1 & 

H-gaPHfito ^titmU, n — tt QPSK {fil^SI 106 m QPSK ^^ft-ijf0j 
^ 148 &ffc^Jg — ^S^fsilc 

— jfr^ifctfij, ililefe^Smfi N : fP Ngi nJW'K BPSK *P QPSK {fit 

ft FER#t£o^^l^£fril{£f&^£ffil*] FERt^ife^m^W E bi /(N 0 +I o ) 

/js 0 ^^^fj^^^jt qpsk mim^tB^ff i*&fam$&±nmm 

IS-95A+g}t e JjJfUA, gi^-t^li^^WifJf^SlSjJI^^f^ IS 
-95A CDMA J^H^lft » 

Jg3^#iJ#J^-f£ 72 fP^^!j§l 74 £KjJftM3r*IS£PS 6 ffijjk„ % — 

-95A fom, rtftfcttmrmm^mifm^vkffiirDap), vx&mm^toWML 

w crc &&j'&t£%r ho, 5ffj§a^h&o crc mm^^^^mw, 
mm^r 142, *m crc mmmmffim?mfcmm, ^mmmm^^m^ 



144, tt&mm,MitLmfnm#m, vk&mmmftZk* &£f&M#ig« 
tetemmftm 74c 

^w^j* 74 ft, mfemm&mm.& demux h6 ^s^s, #j.$wfl9#fg 
mm&m-*Rftfcttmmffi%m i82 c i82 M^wR^fi- 

WISlB«Ji^fiJlE5!ira*!]IS (ortho-modulator) 184. IE£ifl#m 184^^ 
I. 6 {fc*ffii£#---t>4#WW 64 ^fi^^^jij. «F*&iE*imH» 

i84a #}&&m^m&m&m 186, mm^tb e ^/h^a* 

TRMBt, mm^mumm^±^ ise ^Bjifria 62 rt^ttt/i. ba*m> 

182a ^^-fifpJjtMo #fj^, Q^&iftifmtfl #JS8 182a, lE^ffjlJH 184a ffl 

«ag^£Bitn.a&:££» 186 «^ff-ra^at w 0 ft&m^&fom&M 

& IS-95A ^a^X^ft-^-^bao ift^Rt, 5fcffl-3^$£&fH9W#J# 182 *D 

jESSiH*d« 184 ?!-¥„, ffi^#ifiJ&-$*#fHi*HiiB 

fH&3§ 192a *D 192b ffiM PN, S9*fl PN Q fi^rM= 196a Jft PNj Wfflffy 

ililMiE^ (delay) 194, &VlM# 196b jE^JE^'Ih-^ SIN (Wet) ?I£g. ± 
jlP^^ 198 )&*g$1^3§ 196a fitJ I ^S^P*g?S^SS 196b Q #J:*&-£, 
#&-£-|£fKj OQPSK M^mmihmmm^ 62o T^^jBte^JW^^^^T- 

m (backwards) Ife^tfjo *i&W#*P, % — % — ^#fl-«lfgit W X -W N $fc^S& 

IX. CRC >@r 

ftJR IS-95A, ft CRC - > Mtt*«±, te»tfi**'>E»*T« 

m^MtkMu cRc&M.&m& is-95A^a^^ crc 

9.6Kbps MftlBftttis:*. JJfaSW^^I^ft g(x)=x 12 + x 11 + x 10 + x 9 
+ x 8 + x 4 + x + h ^fff- ^S&lgW, Pft± 12 ^ CRC ^^B^^, 
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ffimtk®mmfe'&, cRc<aw**RriuiiipgSP*f8c. m&m crc &&&&& 
m3E*ttmfe&&&mwm&, femmttxm&w.*:. «£>wcrc& 



Si— >h CRC &%L^m$htf}o CRCftltfUmjlft^ + W-ft^a;* 

ffjCRCft, #^i£^CRCtel^^-^l^l$#±o ^—t-^fi^^it 
«fi3—>MftJg CRC itL. CRCftAfc — >N6ffl 

-^W— Mfc^^K ftjg-^iawflfJtW^WCRCfSfc^P— *RTttW»lB. us 
zift^tBT CRCji^N-re]^*. #J.&3*7'hE^fi 1 A<I'l!K£f&&*!l. 

ft. ,6^11 144^ CRC^ffiT + -^^^^it>^ 0 a 144 1- CRC 
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MT-t-r.^mmmm&%:i&, m^mm cue 12, m^rm. * 

ftftltkSfl, SP£ pjyJL^ 24 ^ CRC + CRC ^ — ^ CRC 

WM^CRC^c >hCRC4te»4+-^3R|g|p^±. ;3*h pTUJI^-^^ 
^ftit^±^iti^ 24>hCRC^o rT &M&-£i!&fgSP#*P 24 

CRC teo />EKllE^JW*SiEffi»J|feT^W+-^»f5flil«. 

ssaasstt 6 s«fftfi6jff^r+— >h«^firatw. ar^TF^^TM 120 <t> 
crc ^Kmmm&tkmmmm, mtv^M&m— ^m^mmmm^.j 0 

& 6 W*:*ffiJSfcigSteiail!J'hE. Sifti* 6 300 AbiM*Sfc*g&«j|&?il;*: 

^IsJlS^jffi^^ 6 WAfW. Slllk+ltt, 6 ^E^r+l 302 £t, & 



<ifJ&J£aS50'>E. 4«k+2Afc, A«/hEJ»*W*tt 4 £MI 304 *fcS«lfett 
E, ^3S#^Sai»Ij£#*7n# 14 ^jHk+3&b, CDMA 

^^ti 306 Ah*iSff»7£# 14 mm. m^&mmmm&Mft 12. *n 
m&mw*, cdma MMft&&i8&—*Etb&T&m&&m&fo&K&m* 

wiftj*/affl. ui#3g^& e wAtst/cu*. ^« k+4 mmm&mi¥ 12 
±m^mmmM^ k+7 Afc^ 

£W k+4 + , a4##7C# 14 £3rffi 310 &#a=liriRl«n»±:£* k+5 & 
ft]@lttftig«SiS5!lfl3l7C# 40. {fil7U# 40 2E3f« 312 AfcKtk*&W34 
14 k+4 *&<J3SftlBWi. 2EWk+5fcfc, ftil7t;# 40 314, ft 

bu faHS^^^^ k+7 W**®5£#$|H£*MiJl£^m£i£iiJS^3* 
6c ^EifcS k+6 iffiigsi 6 316 ftbMm IrJ Sll^f ^ . m&MXmfefe 

£4><*k+7£fc, £^318 £t, £*;fcffi5£#*&iS^Tj£ 

i^^mmr^mmm^ 4. 

feSk^h, 6 ijfil^^iJ^^/hUl^'&M^WfitJ^^^lt^^c «j*k+7 

*t. S^tt 6^«g[#^*T«F**B^3ii!l3itt 4. X^flF-fc IS-95A** 
?Efl«JCDMA ^-^^^|2ifift^— / h20^#^|IiEo 

-h^A^^SSMW»^^^*^BJ^-H , ^i^^^c -&pjU13£j+!M± 

304, 306. 308, 310 ft 312 ffiftm 

W^Jg- ffl 10 ^Bfi*)^. 



#$tf£$(&2f£ i). 11 ff^ p ^pflftf, 6 1/8 

* 1), ^a**& 6 1 2 ft#3gi»J'J>EW#ig. a^i£ 6 

flittW. M k M£*3£SJKH*tt##*fc*. &*, 3*11 tt 6 rT fomm 

3 BP £3£iH*. i T^fS^^$ l TatfM&BPteflHEf^iiiffi 

6 £iJ/>EW^4-1i&#te&JfeiI3±. WU> TCP fifti^:fca£fl2l3j 40 -1^t> 

&mmmm&im %t*«ea— tcp ^vu^e— -r-wrt, 

#W 5, 6 *P 7 6 SSffl URmftMH, &J&m 1/8 T£ 

sff 12 ju&##7c# 14 ^iftiiw^w»jR*w»te#rA<«ip 

+ /hEnTffiWfilRlfiift^S). £tt 11 jfitiMfMJ^ 12 #12 



1*3, />E^EfT|oHaSI&±^«^fH.&^ii5!lS4Si4i!i 6„ £ifo* 8 SO 13 &m 

m 6 gkm&mm i r , 26 ^mm^m®. «i3+, 

^19^, 6 ^nitPA^j/L^-^^, &M.mm&ffimm 2 &%.mm 
&mtti&tfyfcmfiL*Tmi?£.m. mat, ^« 20 3s^& e ^Mfsitt 

21 *#*q&#J#>£, S*ft#> 6 if ^i£fr£g*?^f#^3f 
XI. fft5fcJIW5#K 

n iwi # m & # at bj ffl fg a 0 

&femm$i 6 +Wtt5feJ«^W— ^SSaffSJSiBi* 6 0H*W E b /(N 0 + 

Hfa£|i&#S, nJLUlilS^^ 6 #52IW^7Ci3**&tbT^f5l*«I E b /(N 0 + 

i 0 ) o mmm&, 6 jwffw Eb/CNo+uje^^jR— s*»«r 

6 #rfj E b /(N o +I 0 )6dB, IP^SJg-Jffi^&i 6 £ 38. 4 Kbps Tj^gfr^li 

to&fa«i#&*fc3fc# 6(1/4 ^tcm*)^ 9. 6 Kbps y^mm 

ft air. ff&u ifi^^titfs. #r!HftS 1 'B!«s«Mfc E b /(N 0 +i 0 )^^ 
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& ft H j$ ± H ffi M it 51 m ( t h r o u g h p u t ) & M ii ft £b £ $fe #J ft & T M ® ^ & 
6 #ffifRMtt5fcJ«Ii#*?M'JftJ. |s|Bt, ji4WWfi!iIM6lf« 

was* i2. tw^^ft^w^yj^'hS'h. wHtfltiaftSff 12 hkmmm 
^fflans-fiawjijwww cRcoL*mmw&&- ^nmm^mmmmmm^ 

(impaired) . *f £A , ^ W£*if|i£'i«M#aiW& ft 



SlRl«»li»5liafflWJ&^lUJg. if iti^igfMJT 12 ^EMtoS + ^SSaSi 

1 (l-p e ) % r, ' J 

i£S, Ci ^jg i ^affi^** 6 lftt£5fcJf^, L ^^^^t^J^^^TiS^^ 
6 Ift^Eft, P e ^FER, M Yi A^ffl? E b /(N o +I 0 )WBi^WSifti5li 6 W«S 
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(57) The data transmission rate on the reverse link 
in a mobile communications system is controlled by de- 
termining an interference level at a base station due to 
signals from all mobile stations served by the base sta- 
tion, and determining a transmission energy level re- 
quired for each mobile station. The interference level is 
compared with the transmission energy level to obtain 
a comparison result for each mobile station, and each 
mobile adjusts its data transmission rate based upon the 
comparison result, which is sent via a common channel 
on a forward link to each mobile station in a dedicated 
manner. Thereafter, packet data is transmitted on the 
reverse link in accordance with the adjusting so that data 
throughput can be maximized. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention generally relates to mobile (or wireless) communications, and in particular, to controlling 
data transmission (transfer) rates between a base station and mobile stations served by the base station so that data 
throughput is advantageously increased. 

BACKGROUND OF THE INVENTION 

10 

[0002] Mobile communications involve, among various processing procedures, signal transmissions and handling 
of data traffic between an access network (AN) and an access terminal (AT). An access network (AN) comprises many 
elements, one of which being a base station, as known by those skilled in the art. An access terminal (AT) can be in 
many forms, including a mobile station (e.g., a mobile phone), a mobile terminal (e.g., a laptop computer), and other 
15 devices (e.g., a personal digital assistant: PDA) having the combined functionality of both a mobile station and a mobile 
terminal, or having other terminal capabilities. Hereinafter, an access terminal (AT) will be referred to as a "mobile" for 
the sake of brevity. 

[0003] In a conventional mobile communications system, a plurality of mobiles (e.g., cellular phones, portable com- 
puters, etc.) are served by a network of base stations, which serve to allow the mobile stations to communicate with 
20 other components in the communications system. Various types of mobile communications systems are known, in- 
cluding Code Division Multiple Access (CDMA), time division multiple access (TDMA), frequency division multiple 
access (FDMA), and various enhancements and improvements thereto which are generally referred to as next gener- 
ation mobile communications systems. 

[0004] CDMA is most widely accepted and continues to develop and evolve. In particular, CDMA technology evolution 
25 (such as the so-called "cdma2000" technology or other next generation CDMA systems) will provide integrated voice 
with simultaneous high-speed packet data, video and video conferencing capabilities. Currently, the third generation 
(3G) evolution of cdma2000 "IX wireless communications is being reviewed or partially adopted by certain standards 
bodies, such as 3GPP and 3GPP2 (The Third Generation Partnership Project 2). 

[0005] For example, a baseline framework for cdma2000 1xEV-DV ("IxEVolution - Data and Voice) was recently 
30 reached by the 3GPP2. The 1xEV-DV standard will be backward compatible with existing CDMA IS-95A/B and 
CDMA2000 1x systems, allowing various operators seamless evolution for their CDMA systems. Other types of systems 
that are evolving from CDMA include High Data Rate (HDR) technologies, IxEvolution - Data Only (1xEV-DO) tech- 
nologies, and the like, which will be explained in more detail hereinafter. 

[0006] The present disclosure focuses on data transmission techniques between base stations and mobiles. Thus, 
35 a detailed description of additional components, elements and processing procedures (not specifically mentioned here- 
in) have been omitted so that the features of the present invention are not obscured. One skilled in the art would have 
understood that various other components and techniques associated with base stations and mobiles already known 
in the art but not described in detail herein, are also part of the present invention. For example, specific details of the 
protocol architecture having an air interface with a layered structure, physical layer channels, protocol negotiation and 
40 processing, and the like have been omitted. 

[0007] In a communications system, a set of "channels" allow signals to be transmitted between the access network 
(e.g., a base station) and the access terminal (e.g., a mobile) within a given frequency assignment. Channels consist 
of "forward channels" and "reverse channels." 

[0008] Signal transmissions (data transmissions or transfers) from the base station to a mobile via a downlink (i.e., 
45 forward channels) are commonly referred to as the "forward link," while signal transmissions from the mobile to the 
base station via an uplink (i.e., reverse channels) are commonly referred to as the "reverse link." 
[0009] So-called "physical layers" provide the channel structure, frequency, power output, modulation, and encoding 
specifications for the forward and reverse links. The "forward channels" consist of those physical layer channels trans- 
mitted from the access network to the access terminal, and "reverse channels" consist of those physical layer channels 
50 transmitted from the access terminal to the access network. 

[0010] Of the many portions of the forward and reverse channels, the "forward MAC channel" is the portion of the 
forward channel dedicated to medium access control (MAC) activities. The forward MAC channel consists of the reverse 
power control (RPC) channel, the reverse activity (RA) channel, and other channels. Here, the forward MAC reverse 
activity (RA) channel indicates the activity level (e.g., the load) on the reverse channel. 
55 [0011] In the so-called Interim Standard 95A (IS-95A) systems, the forward link and the reverse link are allocated 
separate frequencies and are independent of one another. For code division multiple access (CDMA) technology is 
the basis for Interim Standard 95 (IS-95) and can operate in both the 800-MHz and 1900-MHz frequency bands. In 
CDMA systems, communications between users are conducted through one or more cells/sectors, which are serviced 
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by base stations. A user of a first mobile communicates with another user on a second mobile by transmitting voice 
and/or data on the reverse link to a cell/sector. The cell/sector receives the data for routing to another cell/sector or a 
public switched telephone network (PSTN). If the second user is on a remote station, the data is transmitted on the 
forward link of the same cell/sector, or a second cell/sector, to the second remote station. Otherwise, the data is routed 

5 through the PSTN to the second user on the standard phone system. 

[0012] A mobile communications system can employ connectionless network services in which the network routes 
each data packet individually, based on the destination address carried in the packet and knowledge of current network 
topology. The packetized nature of the data transmissions from a mobile allows many users to share acommon channel, 
accessing the channel only when they have data to send and otherwise leaving it available to other users. The multiple 

10 access nature of the mobile communications system makes it possible to provide substantial coverage to many users 
simultaneously with the installation of only one base station in a given sector. 

[0013] The transfer of digital data packets differs from the transfer of digital voice information. Full duplex (simulta- 
neous two-way) voice communication patterns imply that the data, transferred between the base station and a particular 
mobile station, are real-time and substantially equal in bandwidth. It has been noted that a total delay of 200 msec 
15 (about 2 Kbits of digital data for most speech vocoders) represents intolerable latency within a voice channel. On the 
other hand, transfer of digital data packets is typically asymmetrical, with many more packets being sent from the base 
station to a particular mobile via a downlink (the forward link), than from the mobile to the base station via an uplink 
(the reverse link). 

[0014] In high speed data packet transfers, users appear to be tolerant of data transfer latencies or delays, with 
20 latencies of up to 10 seconds being encountered in current wireless data systems. While such delays appear to be 
tolerated by the user, the delays, attributable to relatively low effective data transfer rates, are undesirable. One pro- 
posed solution, known as "CDMA/HDR" (Code Division Multiple Access / High Data Rate), uses various techniques 
to measure channel data transfer rate, to carry out channel control, and to mitigate and suppress channel interference. 
[0015] Conventional CDMA systems must handle both voice and data. To handle voice signals, the delay between 
25 the time that information is sent and the time that the information is received must be kept relatively short. However 
certain communications systems used mostly for handling data packets can tolerate relatively longer delays or latencies 
between the time that information is sent and the time that the information is received. Such data handling communi- 
cations systems can be referred to as High Data Rate (HDR) systems. The following description will focus on HDR 
systems and techniques, but those skilled in the art would understand that various other mobile communications sys- 
30 terns and techniques for handling high data rates, such as 1xEV-DO. 1xEV-DV, and the like, fall within the scope of 
the present disclosure. 

[0016] In general, a High Data Rate (HDR) system is an Internet protocol (IP) based system that is optimized for 
transmitting data packets having bursty characteristics and not sensitive to latencies or delays. In HDR systems, a 
base station is dedicated to communicating with only one mobile station at any one time. An HDR system employs 
35 particular techniques allowing for high-speed data transfers. Also, HDR systems are exclusively used for high-speed 
data transfers employing the same 1 .25MHz of spectrum used in current IS-95 systems. 

[0017] The forward link in an HDR system is characterized in that the users are not distinguished in terms of orthog- 
onal spreading codes, but distinguished in terms of time slots, whereby one time slot can be 1 .67ms (milliseconds). 
Also, on the forward link of an HDR system, the mobile (access terminal AT) can receive data services from about at 
40 least 38.4 Kbps to about at most 2.4576 Mbps. The reverse link of an HDR system is similar to the reverse link of an 
IS-95 system, and employs a pilot signal to improve performance. Also, traditional IS-95 power control methods are 
used for providing data services from about 9.6 Kbps to about 1 53.6 Kbps. 

[0018] In the HDR system, a base station (a part of the access network AN) can always transmit signals at its max- 
imum transmission power, as virtually no power control is required because only one user occupies a single channel 
45 at a particular time resulting in practically no interference from other users. Also, in contrast to an IS-95 system requiring 
an equal data transfer rate for all users, an HDR system need not deliver packet data to all users at equal data transfer 
rates. Accordingly, users receiving high strength signals can receive services employing high data rates, while users 
receiving low strength signals can be accorded with more time slots so that their unequal (i.e., lower) data rate is 
compensated. 

50 [0019] In conventional IS-95 systems, because various signals (including pilot signals) are simultaneously transmit- 
ted to all users, interference due to pilot signals and undesirably high power consumption are problematic. However 
in HDR systems, pilot signals can be transmitted at maximum power because the so-called "burst" pilot signals are 
employed. Thus, signal strength can be measured more accurately, error rates can be reduced, and interference be- 
tween pilot signals is minimized. Also, as the HDR system is a synchronous system, pilot signals in adjacent cells are 

55 simultaneously transmitted, and interference from pilot signals in adjacent cells can also be minimized. 

[0020] Figure 1 shows a portion of a conventional reverse channel structure for sending transmission data rate in- 
crease information from a base station to a mobile. A base station (not shown) approximates (or measures) a load on 
the reverse link, and prepares to send to a mobile (not shown) various messages indicating whether the reverse link 
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load is large or small. A bit repetition means 10 repeats the bits in the messages to be sent a certain number of times 
to improve signal reliability. 

[0021] Thereafter, a signal point mapper 1 1 maps the signal from the bit repetition means 1 0 by, for example, changing 
all "0" bits to and all "1" bits to to allow further processing. The resulting signal is combined with a so-called 
5 "Walsh cover" signal and transmitted over the Reverse Activity (RA) channel to the mobile. 

[0022] A conventional mobile receives the messages sent by the base station via the RA channel indicating that the 
current reverse link load is too large, and the mobile reduces the current packet data rate on the reverse link by one- 
half (1/2) so that the load on the reverse link is decreased. 

10 SUMMARY OF THE INVENTION 

[0023] A gist of the present invention involves the recognition by the present inventors of the drawbacks in the con- 
ventional art. In particular, conventional techniques (e.g., conventional mobile communications systems under the 
standards of IS-95, HDR, IMT-2000, etc.) for controlling data transmission rates between mobiles and a base station 
15 do not effectively consider the particular data transmission circumstances and channel conditions of each mobile sta- 
tion. 

[0024] Conventional HDR systems do not employ effective power control techniques, thus there are difficulties in 
providing high-speed data transmissions to those mobiles located far from the base station requiring signal transmis- 
sions at a higher power compared with the signal transmissions for mobiles located in proximity to the base station 

20 requiring only low level power. 

[0025] The conventional HDR system is disadvantageous in that, when the base station detects the load on the 
reverse link to be too large and feeds back this information via a reverse activity (RA) channel, the reverse link packet 
data rate is unconditionally reduced by one-half for all users (mobiles), and thus overall data throughput at each base 
station is undesirably reduced. The conventional art ignores the situations that individual mobiles have different re- 

25 quirements and should advantageously be controlled individually in a dedicated manner. 

[0026] Additionally, the conventional HDR system is inefficient because no messages are sent to the mobiles to 
indicate that their packet data rates should be increased when the reverse link load is small. 

[0027] Furthermore, the conventional art merely considers the reverse link load. However, in practical data packet 
transmission applications, the channel or link conditions, such as signal interference and transmission power require- 

30 ments, and other communications environment factors effect data transmissions on the reverse link. 

[0028] To address at least the above-identified conventional art problems, the present invention utilizes information 
fed back from the forward link for data packet transmission over the reverse link upon considering the particular data 
transmission circumstances and channel conditions of each mobile station and accordingly controlling the mobiles in 
a dedicated manner. By doing so, the data transmission rate over the reverse link is improved. More specifically to 

35 improve reverse link data transmission rates ; messages informing the mobile station to adjust (increase, decrease or 
maintain) its data transmission rate are sent from the base station in accordance with reverse link load information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0029] 

Figure 1 shows a portion of a conventional reverse channel structure for sending transmission data rate increase 
information from a base station to a mobile; 

Figure 2 shows a partial structure of a base station according to an embodiment of the present invention; 
45 Figure 3 shows a partial structure of a mobile according to an embodiment of the present invention; 

Figure 4 shows the details of certain relative portions of the determinator 24 in a base station, a portion of which 
is shown in Figure 2; 

Figure 5 is a flow chart showing the main steps involved in transmitting transmission data rate adjust information 
to each mobile in a 1xEV-DV or 1xEV-DO system according to the present invention; 
50 Figure 6 is a flow diagram of the method for controlling the data transmission rate in accordance with the present 

invention: 

Figure 7 is a flow diagram of embodiment according to the present invention; 
Figure 8 shows the updating procedure of the BS_RCV according to the present invention; 
Figure 9 shows the procedures for generating rate control information using the BS_RCV values according to the 
55 present invention; and 

Figure 10 shows an example of how the reverse link data rate is controlled using the BS_RCV values according 
to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0030] Figure 2 shows a partial structure of a mobile according to an embodiment of the present invention. A mobile 
20 comprises a reception processor 21 . a demodulator 22, a transmission data rate controller 23, and a transmission 

5 processor 24. The reception processor 21 processes the signals received from a base station via a reception antenna 
A1 . The demodulator 22 demodulates the signals processed by the reception processor 21 . The transmission data 
rate controller 23 controls the transmission data rate based on the transmission data rate adjustment information in 
the signals processed by the demodulator 22. The transmission processor 24 transmits signals via a transmission 
antenna A2 to the base station in accordance with the control of the transmission data rate controller 23. 

10 [0031] According to Figure 2, the mobile according to an embodiment of the present invention can comprise a de- 
termining means which determines a transmission energy level required for transmitting to a base station. Here, the 
determining means can comprise the transmission data rate controller 23 and the transmission processor 24, in their 
entirety or portions thereof. 

[0032] Also, the mobile according to an embodiment of the present invention can comprise an adjusting means 
15 operatively connected with the determining means, which adjusts a data transmission rate based upon a comparison 
result received from the base station in a dedicated manner via a common channel, the comparison result being ob- 
tained by comparing the transmission energy level and an interference level of signals sent to the base station by the 
mobile stations. Here, the adjusting means can comprise the transmission data rate controller 23, and the transmission 
processor 24, in their entirety or portions thereof. 
20 [0033] Furthermore, the mobile according to an embodiment of the present invention can comprise a transceiver 
operatively connected with the adjusting means, which transmits packet data on the reverse link in accordance with 
the adjusted data transmission rate. Here, the transceiver can comprise the reception processor 21 , the demodulator 
22, the transmission processor 24, and antennae A1 and A2, in their entirety or portions thereof. 
[0034] Figure 3 shows a partial structure of a base station according to an embodiment of the present invention. A 
25 base station 30 comprises a reception processor 31 , an interference level detector 32, a comparator 33, a determinator 
34, and a transmission processor 35. The reception processor 31 processes (e.g., demodulates) the signals received 
from mobiles (not shown) via a reception antenna A3. The interference level detector 32 receives the processed signals 
from the reception processor 31 for estimating and/or detecting a level of signal interference related to the processed 
signals. 

30 [0035] As understood by those skilled in the art, there are various types of signal interference between mobiles and 
base stations in mobile communications. For example, in the case of the reverse link, an important parameter is the 
rise in the level of the total amount of noise over the level of the thermal noise at a base station. This parameter is 
referred to as the "rise over thermal" (ROT). The rise over thermal (ROT) corresponds to the loading of the reverse link. 
[0036] Typically, a communications system attempts to maintain the ROT near a predetermined value. If the ROT is 

35 too great, the range of the cell is reduced and the reverse link is less stable. A large ROT can also cause small changes 
in instantaneous loading that result in large excursions in the output power of the mobile station. When the ROT is 
considered to be too high (e.g., above a desired threshold level), the data transmission rate can be decreased or even 
interrupted until the reverse link is stabilized. In contrast, a low ROT can indicate that the reverse link is not heavily 
loaded, thus potentially wasting available capacity. Thus, if the ROT is considered to be too low (e.g., below a desired 

40 threshold level), the data transmission rate can be advantageously increased. It will be understood by those skilled in 
the art that methods other than measuring the ROT can be used in determining the loading of the reverse link. 
[0037] After the interference level detector 32 detects the signal interference, the comparator 33 compares the de- 
tected level of signal interference with a threshold value in order to estimate (determine) the load on the reverse link. 
The determinator 34 determines a transmission data rate adjust information (e.g., increase, decrease or maintain) 

45 based on the reverse link load determined by the comparator 33, and determines a position of each mobile (i.e., a 
physical location of each mobile in the cell/sector served by the base station) based on the rate control bit (RCB) 
position in the channel slots. The RCB position in the channel slots allows mobiles to be discriminated from one another. 
[0038] The transmission processor 35 modulates a transmission signal for sending the transmission data rate adjust 
information from the determinator 34 to each mobile, and transmits signals to each mobile via a transmission antenna 

50 A4. Here, the signals includingthe RCB information are transmitted to each mobile viaacommonchannel.Thecommon 
channel can be a known channel already used in conventional mobile communications. For example, the so-called 
"RA channel" can be employed in the present invention for transmitting signals and RCB information to each mobile. 
Alternatively, the signals including the RCB information are transmitted to each mobile via a newly established channel 
(Common Reverse Packet Data Control Channel - CRPDCCH). not currently existing in conventional mobile commu- 

55 nications systems and techniques. Here, various conventional techniques may be employed in establishing a new type 
of channel, with a feature of the present invention being the use of rate control bit (RCB) in the frames (16 slots) 
transmitted to the mobiles. 

[0039] According to Figure 3, a base station according to an embodiment of the present invention can comprise a 
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determining means, which determines an interference level of signals received from the mobile stations, and determines 
a transmission energy level required for each mobile station. Here, the determining means can comprise the interfer- 
ence level detector 32 and the comparator 33, in their entirety or portions thereof. 

[0040] Also, a base station according to an embodiment of the present invention can comprise a comparing means 
5 operatively connected with the determining means, which compares the interference level with the transmission energy 
level to obtain a comparison result for each mobile station. Here, the comparing means can comprise the comparator 
33 and determinator 34, in their entirety or portions thereof. 

[0041] Additionally, a base station according to an embodiment of the present invention can comprise a transceiver 
operatively connected with the comparing means, which sends the comparison result via a common channel on a 
10 forward link to each mobile station in a dedicated manner in accordance with the comparing, and receives packet data 
on the reverse link in response to the sending. Here, the transceiver can comprise a reception processor 31 , trans- 
mission processor 35, and antennae A3 and A4, in their entirety or portions thereof. 

[0042] Accordingly, by using the general features of a mobile shown in Figure 2 and the features of a base station 
shown in Figure 3, data packets can be transmitted between the mobile and base station in accordance with the present 
15 invention. A more detailed description and explanation of the structural aspects and methods involved in the present 
invention are as follows. 

[0043] Figure 4 shows the details of certain relative portions of the determinator 34 in the base station shown in 
Figure 2. The determinator 34 comprises a plurality of repeaters 41 . a plurality of signal point mappers 42, a plurality 
of channel gain units 43, a pair of multiplexors 44, and a long code processor 45 having a long code generator 46, a 

20 decimator 47, and a relative offset calculator 48. 

[0044] In the present invention, mobiles can be controlled via the so-called "l-channel" or "Q-channel" or both chan- 
nels. Here, "I" refers to "in-phase" and "Q" refers to "quadrature," which are known terms in the art of digital signal 
modulation, in particular vector modulation. Vector modulation (of which quadrature amplitude modulation (QAM) is a 
popular type) is at the heart of most digital wireless (mobile) communication systems. QAM packs multiple data bits 

25 into single symbols, each of which modulates the carrier's amplitude and phase. 

[0045] Of the reverse link load determined by the comparator 33, rate-control bits (e.g., RCBs) for each user (mobiles) 
0 through N are sent to the determinator 34. Here, N denotes the number of users being controlled using the l-channel 
and/or Q-channel, which are also referred to as an "l-Arm" and a "Q-Arm." Based upon the RCBs transmitted to the 
mobiles during one data frame (the frame having 1 6 slots), the base station can control a plurality of mobiles using the 

30 l-channel, the Q-channel, or both. 

[0046] The repeaters 41 of the determinator 34 receive the RCB data (including rate-control bits) related to a plurality 
of users (mobiles) 0 through N, and respectively processes these data for ultimately generating l-signals (X,) and/or 
Q-signals (X Q ). 

[0047] For example, 1 2, 24, 48, 96, 1 92 or 384 mobiles can be controlled by the base station according to the present 
35 invention. If only the l-channel or the Q-channel is used, 1 2, 24, 48, 96 or 1 92 mobiles can be controlled. If both the I- 
channel and Q-channel are used, 24, 48, 96. 1 92 or 384 mobiles can be controlled. When either the l-channel or the 
Q-channel is used to control 1 2 mobiles, the repeater 41 repeats the bits in the messages to be sent 1 6 times to improve 
signal reliability. In this manner, for respectively controlling 24, 48, or 96 mobiles, 8, 4, or 2 repetitions are performed, 
respectively. For controlling 192 mobiles, no repetitions are made. Namely, instruction signals are sent to the mobiles 
40 without performing any bit repetitions. In a similar manner, when both the l-channel and the Q-channel are used, for 
respectively controlling 24, 48, 96 or 192 mobiles, 16 : 8, 4, or 2 repetitions are performed. For controlling 384 mobiles, 
instruction signals are sent to the mobiles without performing any bit repetitions. 

[0048] Although a particular number of mobiles capable of being controlled have been exemplified above based 
upon there being 16 slots in a frame to be transmitted, those skilled in the art would understand that other specific 
45 number of mobiles could also be handled according to the present invention depending upon the particular frame size 
and number of slots therein. 

[0049] Then, the signal point mappers 42 map the signals received from the repeaters 41 by, for example, changing 
all "0" bits to all "1" bits to "-1", and no symbol bits to "0" to allow further processing. 

[0050] Here, the signal point mapping techniques can generally be performed in a variety of ways, as understood 
50 by those skilled in the art. However, a preferred method in signal point mapping according to the present invention 
involves a particular technique of processing the RCBs. Namely, based upon the transmission data rate adjust infor- 
mation, if the current transmission data rate is to be increased, the base station sets the RCB to "INCREASE" and if 
the current transmission data rate is to be decreased, the base station sets the RCB to "DECREASE" Also, if current 
transmission data rate is to be maintained, no RCB information is transmitted by the base station to the mobile. 
55 [0051] Also, the number of slots used for processing a symbol depends upon the number of users N. For example, 
if N = 12, 1 symbol per 1 slot is processed. Also, for N = 24, 48, 96 or 192, 1 symbol 12 slots, 1 symbol / 4 slots, 1 
symbol / 8 slots, and 1 symbol / 16 slots are processed, respectively as indicated in Figure 4. 
[0052] Thereafter, the channel gain units 43 further process each signal received from the signal point mappers 42, 
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respectively. Namely, channel gain amplification is performed and the processed signals are sent to the multiplexers 
(MUX) 44, the features of which are explained further below. Here, the channel gain amplifying techniques can generally 
be performed in a variety of ways, as understood by those skilled in the art. 

[0053] Additionally, the RCB data related to l-Q signal generation includes initial offset values (0 to N-1 ) assigned to 
5 each user (mobile) and which determine the position of each mobile (based on the RCB position in the channel slots). 
Here, the initial offset values are determined (or generated) during a so-called "negotiation" process between mobiles 
and the base station. Of the initial offset values, "0" indicates the first position among the channel slots, while "N-1" 
indicates the last position. 

[0054] The determinator 34 also includes a long code processor 45 comprising a long code generator 46, a decimator 

10 47 and a relative offset calculator 48. The long code processor 45 receives a long code mask for the common reverse 
packet data control channel (CRPDCCH) and outputs relative offset values used for generating an l-signal and a Q- 
signal. Here, for the relative offset values, the RCB positions allocated to each mobile are preferably randomized. 
Namely, the RCBs are inserted into different slot positions in each frame. As such, the RCB position in the channel 
slots allows mobiles to be discriminated from one another. 

15 [0055] Finally, the multiplexers (MUX) 44 respectively combine the initial offset values assigned to each user with 
the relative offset values (generated by the long code processor 45), and the processed signals from the channel gain 
units 43, so that the RCB positions in the channel slots are determined, As a result, the multiplexed signals X ( and X Q 
for the l-channel, the Q-channel, or both are outputted from the determinator 34 for further processing at the transmis- 
sion processor 35 and subsequent transmission to the mobiles. 

20 [0056] Figure 5 is a flow chart showing the principle steps involved in transmitting transmission data rate adjust 
information to each mobile in a 1xEV-DV or 1xEV-DO system according to an embodiment of the present invention. 
First, the base station detects and determines a level of interference among all communication traffic channels (S51 ). 
The detected interference level is compared with a threshold so that the load on the reverse link can be approximated 
(S52, S53). Transmission data rate adjust information is determined by the reverse link load and information regarding 

25 the distance from each mobile to the base station, and as previously explained in view of Figure 4, the multiplexers 
41 , 41' combine the initial offset values (from the l-signals and Q-signals) with the relative offset values (from decimating 
the codes from the long code generator 46) so that the RCBs positions in the channel slots are determined for discrim- 
inating each mobile from one another (S54). Finally, the RCBs are transmitted to the mobiles via a common channel, 
which operate in a dedicated manner (i.e., exclusively) for each mobile (S55). 

30 [0057] Upon receiving the RCBs from the base station, the mobiles preferably adjust their transmission data rates 
in increments for gradual increasing or decreasing. Then, the mobiles may inform the base station of the adjusted 
transmission data rate which they intend to use by sending to the base station a reverse rate indicator (RRI). Thereafter 
packet data are transmitted to the base station on the reverse link at the adjusted data rate. Accordingly, employing 
the techniques of the present invention can advantageously increase data throughput. 

35 [0058] The instructions (based upon RCBs) sent by the base station to the mobiles for adjusting (increasing, de- 
creasing or maintaining) the transmission data rate of a mobile during the reverse link will be referred to as "RC in- 
structions." In the present invention, the base station preferably sends RC instructions to the mobiles during a single 
frame, for controlling the transmission date rate of the mobiles during the next frame. However, those skilled in the art 
can understand that the sending of RC instructions may extend into a subsequent frame in certain situations. 

40 [0059] Figure 6 shows a flow diagram of the method for controlling the data transmission rate in accordance with 
the present invention. For controlling a data transmission rate on a reverse link in a mobile communications system 
having a plurality of base stations and a plurality of mobile stations, a first step of determining an interference level at 
a base station due to signals from the mobile stations served by the base station is performed (S60). Also, a step of 
determining a transmission energy level required for each mobile station is performed (S62). Next, the interference 

45 level is compared with the transmission energy level to obtain a comparison result for each mobile station (S64). 

[0060] Thereafter, the comparison result is transmitted by the base station to the mobile via a common channel on 
a forward link in a dedicated manner (S66). Here, the base station transmits respective comparison results to each 
mobile in a dedicated manner. In other words, the base station sends a particular comparison result to a particular 
mobile (having a particular interference level and required transmission energy level previously determined) so that 

50 each mobile is individually controlled to have an appropriate data transmission rate. 

[0061] Subsequently, each mobile adjusts its current data transmission rate based upon the comparison result sent 
from the base station via a common channel on a forward link in a dedicated manner (S68). Finally, packet data are 
transmitted on the reverse link from a mobile to the base station in accordance with the adjusted data transmission 
rate (S69). 

55 [0062] In other words, a method for controlling a data transmission rate on a reverse link according to the present 
invention can comprise the steps of determining an interference level at a base station due to signals from the mobile 
stations served by the base station; determining atransmission energy level required for each mobile station; comparing 
the interference level with the transmission energy level to obtain a comparison result for each mobile station; and 
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adjusting a data transmission rate for each mobile station based upon the comparison result sent via a common channel 
on a forward link to each mobile station in a dedicated manner. 

[0063] Also, a method for controlling a data transmission rate on a reverse link according to the present invention 
can comprise the steps of determining an interference level of signals received from the mobile stations; determining 

5 a transmission energy level required for each mobile station; comparing the interference level with the transmission 
energy level to obtain a comparison result for each mobile station; and sending the comparison result via a common 
channel on a forward link to each mobile station in a dedicated manner in accordance with the comparing. 
[0064] Additionally, a method for controlling a data transmission rate on a reverse link according to the present 
invention can comprise the steps of determining a transmission energy level required for transmitting to the base 

10 station; adjusting a data transmission rate based upon a comparison result received from the base station in a dedicated 
manner via a common channel, the comparison result being obtained by comparing the transmission energy level and 
an interference level of signals sent to the base station by the mobile stations; and transmitting packet data on the 
reverse link in accordance with the adjusting. 

[0065] The above-described techniques of employing RCB according to an embodiment of the present invention 
15 improve the conventional techniques (e.g., conventional communications systems under the standards of IS-95, HDR, 
IMT-2000, etc.) for controlling transmission data rates between mobiles and a base station. However, the present 
inventors recognized that additional improvements are also possible. 

[0066] For example, the particular communication conditions of each mobile may be further considered in addition 
to the overall signal interference at the base station (including ROT parameters) described previously hereinabove. 
20 By considering the factors at each mobile, different mobiles can receive different instructions to adjust their respective 
transmission data rates in a different manner, instead of all mobiles receiving the same instruction to increase or de- 
crease their transmission data rates by an equal amount. 

[0067] In conventional techniques, each mobile performs an internal test upon receiving a transmission data rate 
adjust instruction (an RA instruction) from its base station, instead of immediately adjusting its current transmission 
25 data rate. In other words, each mobile further considers its own communications conditions prior to adjusting its trans- 
mission data rate. 

[0068] The internal test conducted by the mobile involves the determination of the probability that the data transmis- 
sion rate in the next frame will likely increase or decrease. Namely, if the current data transmission rate is relatively 
low for the current frame, there is a relatively high probability that the data transmission rate should be increased in 
30 the next frame, and there is a relatively low probability that the data transmission rate should be decreased in the next 
frame. 

[0069] For example, suppose that a communications system can transmit data at five different rates: 9 ; 600 bps; 
19,200 bps; 38,400 bps; 76,800 bps; and 153,600 bps. Assuming that a first mobile (A) is transmitting data at 19,200 
bps during the current frame, while a second mobile (B) is transmitting data at 76,800 bps in the current frame. Then, 

35 if the base station sends to the mobiles that it is serving, an instruction to increase the current data transmission rate, 
mobile A has a greater probability of operating at a higher data transmission rate compared to mobile B. In contrast, 
if the base station sends to the mobiles that it is serving, an instruction to decrease the current data transmission rate, 
mobile B has a greater probability of operating at a lower data transmission rate compared to mobile A. 
[0070] In other words, a method for controlling a data transmission rate on a reverse link according to the present 

40 invention can comprise the steps of detecting a total interference amount received by a base station; determining a 
transmission energy level required by a mobile station based upon a cell interference probability of each mobile station; 
receiving transmittable data rate information of each mobile station; and generating data rate control information in 
accordance with the total interference amount, the transmission energy level, and the data rate information for con- 
trolling a data transmission rate on a reverse link. 

45 [0071] The present invention considers the channel condition or state for each mobile, the valid data rate for trans- 
mitting within a frame, and the signal interference at the base station, such that the base station individually controls 
the reverse link data rate for each mobile in a dedicated manner. To achieve this control, various parameters for the 
base station and mobiles can be used. These parameters are defined as follows. 

50 1) Mobile station priority (MS_PRI) 

[0072] MS_PRI is a parameter used for determining a probability of cell interference of each mobile, and is obtained 
by using the following equation (1): 

55 
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[0073] This parameter can be calculated by the base station itself or by the mobile, which informs the base station 
of the MS_PRI value in a periodic manner or whenever the channel environment of the mobile changes. 

10 [0074] In equation (1), ocj denotes the reverse link channel gain between the mobile and the i-th base station, while 
(Xj denotes the reverse link channel gain between the mobile and the j-th base station which has the largest channel 
gain of all base stations. Also, ft denotes the forward link channel gain between the mobile and the i-th base station, 
while pj denotes the forward link channel gain between the mobile and the j-th base station which has the largest 
channel gain of all base stations. 

15 [0075] When fading is not considered (i.e., ignored), the channel gain of the forward link and the channel gain of the 
reverse link can be considered to be the equivalent. Thus, the approximation: 



20 



a. 



All 



of equation (1) is satisfied. 

25 [0076] Also, assuming that the total transmission power of all base stations are approximately the same, when the 
total transmission power of the base station is multiplied to the channel gain (i.e., multiply the total transmission power 
of the base station by ft), the resulting value is equivalent to the^gfa^signal power received by one mobile from the i- 

th base station (i.e., lor). Thus, the approximation: MS_PRI ~ — of equation (1) is satisfied, and the MS_PRI 

value can be determined. /o " max -' 0/ } 

30 [0077] In equation (1), lo denotes the total sum of the signal power from all base stations received by the mobile (i. 
e., sum of lor received from all base stations), and maxjorj denotes the signal power received from the j-th base station 
which has the strongest reception signal power of all base stations. 

[0078] The MS_PRI value, indicates in an inversely proportional manner, how a particular mobile, on average, causes 
cell interference to other cells. A large MS_PRI value means that the probability of causing cell interference is low, 
35 while a small MS_PRI value means that the probability of causing cell interference is high. In other words, a large 
MS_PRI value indirectly indicates a high probability that the mobile is located near a base station or that the mobile is 
located in a place where the channel state is satisfactory, while a small MS_PRI value denotes the opposite. 
[0079] The MS_PRI value can be calculated in at least the following three different methods. 

[0080] First, the mobile calculates the MS_PRI value using the lo value detected from the total sum of signal power 
40 received from all base stations, and the maxjor value of the base stations having the greatest reception signal power, 
and thereafter the MS_PRI value is directly transmitted to the base station. 

[0081] Second, the mobile sends to the appropriate base station, the Ec/lo value of the pilot signal (Ec) power received 
from each base station using the pilot signal measurement message (PSMM) reported to the base station. Then, the 
base station receiving the Ec/lo value uses this to calculate the MS_PRI value. 
45 [0082] Third, when there exists a reverse link channel (such as the data rate control (DRC) channel in 1xEV-DO 
systems) for informing the channel state of the forward link, the base station uses the forward link channel state value 
(such as the Ec/Nt of the pilot signal (Ec)) transmitted via this channel to calculate the MS_PRI value. 

2) Mobile station reverse control value (MS_RCV) 

50 

[0083] The MS_RCV value is a parameter used for determining the transmission energy value necessary for each 
mobile,). First, a function f(x) is defined, a calculation using the following equation (2) is performed. 



MS_RCV = f(Current_Assigned_Data_Rate)[dB] - a * MS_PRI[dB] (2) 

[0084] Here, the MS_RCV value may be indicated in units of dB. Also, "Current_Assigned_Data_Rate" denotes the 
data rate being used in the current transmission frame, while f{x) is a function related to the reception energy necessary 
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for normally receiving data from a base station at a data rate of x. For example, if the "Current_Assigned_Data_Rate" 
is 9600, we get a function f(9600) = 4dB, which calculates in advance, a reception energy level for each data rate. 
[0085] Thus, the MS_RCV value applies cell interference probabilities to the reception energy necessary for each 
mobile. Thus, the present invention employing the MS_RCV value can minimize the occurrence of cell interference by 
5 using a relatively low transmission energy level (transmit power) satisfy the reception energy level (reception power) 
requested by the base station, for those mobiles that are close to the base station or having a strong channel link. 
[0086] In general, as the data rate increases, the reception energy required for each mobile also increases. Thus, 
as the "Current_Assigned_Data_Rate" is higher, the MS_RCV value increases. 

[0087] In equation (2), the MS_PRI value in the term "a * MS_PRI M denotes the probability of causing interference 
10 to other cells. If the MS_PRI value is small (i.e., when there is a high probability of causing interference to other cells), 
the MS_RCV value becomes large. 

[0088] Also, the value "a", which can be adjusted to control how the MS_PRI effects the MS_RCV, is a variable that 
controls the "fairness" between users (mobiles). The base station adjusts the a value so that all mobiles are guaranteed 
to have an appropriate data rate. For example, when a =0, the channel conditions for the mobile are not considered 
15 and the degree of fairness between the users (mobiles) is at a maximum. In contrast, as the a value increases, the 
channel conditions of each mobile have more effect on the MS_RCV value. 

[0089] In summary, as the data rate of the current transmission is higher, and as the MS-PRI value is lower (i.e., as 
the probability of causing other cell interference is greater), the MS_RCV value increases. The base station calculates 
and manages the MS_RCV value for each active mobile. 

20 

3) Mobile station Rate Increase Available Bit (MSJAB) 

[0090] The MSJAB value is a parameter to provide data rate information for valid data that can be transmitted in 
the next frame by the mobile. The MSJAB value has two states, "increase" and "unchanged." based on the following 
25 conditions. 

[0091] If all the following conditions are met, the MSJAB value is set as "increase," while if any one of these conditions 
is not met, the value is set as "unchanged." 

I. When transmission power margin (i.e., remaining transmission power) is above a certain level; 
30 ||. When the number of bits in the transmission buffer is above a certain level; and 

III. When the data rate of the current transfer (i.e., Current_Assigned_Data_ Rate) is below a maximum data rate 
(i.e., MAX_Data_Rate) set by the system. 

[0092] As shown in Figure 7, which is a flow diagram of embodiment according to the present invention, the base 
35 station uses the above-identified parameters (i.e., MA_PRI, MS_RCV, and MSJAB) for controlling the data transmis- 
sion rate of a mobile. 

[0093] The base station receives the MS_PRI value reported from the mobile in a periodic manner or whenever the 
channel conditions of the mobile change, or directly calculates the MS_PRI value for updating thereof. Here, the 
MS_PRI value is initially set at 0 and updated thereafter (S70). 
40 [0094] The base station uses the thusly obtained MS_PRI value and the data rate at which the mobile is transmitting, 
i.e., the "Current_Assigned_Data_Rate", for calculating and managing MS_RCV values for those mobiles that are in 
an active state with regard to the base station (S71). 

[0095] Also, the base station detects the total interference (e.g., the rise over thermal (ROT) value) based on the 
total energy of signals received at the base station (S72). Thereafter each mobile transmits the MSJAB value to the 

45 base station in every frame (S73). 

[0096] The base station uses the MS_RCV and MSJAB values to generate a rate control bit (RCB) for controlling 
the data rate of each mobile (S74), and the RCB is transmitted to each mobile (S75). Here, the RCB can include three 
types of commands; an increase command for increasing the data rate of the mobile ! a decrease command for de- 
creasing the data rate, and a command for not changing the data rate. 

50 [0097] If the ROT detected by the base station is deemed to be satisfactory (e.g., ROT< ROT_TH1 , where ROT_TH1 
is a first threshold value), the MS_RCV value is accordingly below a threshold value (RCV_TH), and of the mobiles 
having their MSJAB values set as "increase," the RCB values for certain mobiles are set as "increase" while the RCB 
values for the remaining mobiles are set as "unchanged." 

[0098] However, if it is determined that the ROT detected by the base station is maintained with a range (ROT_TH1 
55 ~ ROT_TH2) set by the system, the RCB values for all mobiles are set to "unchanged." 

[0099] If the ROT detected by the base station is deemed to be unsatisfactory (e.g., ROT > ROT_TH2, where 
ROT_TH2 is a second threshold value), for those mobiles having a MS_RCV value exceeding the RCV-TH value, their 
RCB values are set as "decrease" while the RCB values for the remaining mobiles are set to "unchanged." 
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[0100] In the above method, the particular number of mobiles having their RCB values set as "increase," "decrease," 
or "unchanged" depends on various factors such as the actual implementation environment, system performance, 
capacity, operation purpose, and the like. In a particular embodiment, the following algorithm is presented to show how 
the above features may be applied an implemented. 

5 [0101] First, a parameter BS_RCV (Base Station Rate Control Value) is defined to determine the total number of 
mobiles. Here, for the BS_RCV, the lowest MS_RCV value of the MS_RCV values (calculated at a base station or 
reported from a mobile) at a data rate of 9600 bps is set as its initial value. Thus, the BS_RCV is defined to limit the 
selective range of the MS_RCV such that only those mobiles having an MS_RCV value being above or below a certain 
level receive RCB increase or decrease data rate control information. 

10 [0102] Figure 8 shows the updating procedure of the BS_RCV according to the present invention. The base station 
determines the total interference amount (i.e., ROT) received by the base station in the unit of time having a particular 
period. The base station then uses the detected ROT value to update the BS_RCV. If the detected ROT value is below 
ROT_TH1 , BS_RCV increases by A-,, and if the ROT value is below ROT_TH2, BS_RCV decreases by A 2 . However 
if the ROT is maintained within a range between ROT_TH 1 and ROT_TH2, the BS_RCV value is maintained at its 

15 previous value. 

[0103] Figure 9 shows the procedures for generating rate control information using the BS_RCV values according 
to the present invention. First, the base station updates the BS_RCV value using the detected ROT value as shown 
in Figure 8. 

[0104] Then, the base station generates an RCB for each mobiles based on the following conditions using the 
20 MS_RCV value, the BS_RCV value, and the MSJAB value received from the respective mobile. If (MS_RCV + X) < 

BS_RCV, and MSJAB = "increase" are satisfied, the RCB is set as "increase." But, if MS_RCV > BS_RCV, then RCB 

is set as "decrease." However, if (MS_RCV + X)< BS_RCV and MSJAB "increase," or if MS_RCV BS_RCV (MS_RCV 

+ X), the RCB is set as "unchanged." As such, the present invention employs the "k" value to more appropriately control 

the RCB value setting allocation to better reflect the communications environment. 
25 [0105] Figure 1 0 shows an example of how the reverse link data rate is controlled using the BS_RCV values according 

to the present invention. Namely, the steps for controlling the data rate of a mobile by the base station in an exclusive 

or dedicated manner are shown. 

[0106] The base station updates the MS_PRI value by receiving a MS_PRI value from the mobile reported therefrom 
periodically, or whenever the channel conditions of the mobile change, or by directly calculating a MS_PRI value at 
30 the base station itself. The MS_PRI value is initially set as 0 and updated thereafter (S1 00). 

[0107] The base station uses the MS_PRI value and the data rate used by the mobile for transmission (i.e., the 
"Current_Assigned_Data_Rate") to calculate and manage the MS_RCV values of all mobiles being in active state with 
respect to the base station (S1 02). 

[0108] The base station determines the total energy of the signals received thereof (i.e. the total interference amount, 
35 such as ROT) for each time interval having a certain period (S104). 

[0109] Then, the base station updates the BS_RCV values using the method shown previously in Figure 8 (S106). 

Thereafter, each mobile, for each frame, transmits the MSJAB value to the base station (S1 08). 

[0110] The base station then generates rate control bit (RCB) for controlling the data rate of each mobile using the 

MS_RCV, MSJAB, and BS_RCV values (S110), and the RCB values are transmitted to each mobile (S112). 
40 [0111] A respective mobile receives RCB values from all active base stations (S114), and generates a Combined 

RCB from the received RCB values for controlling the data rate of the next frame accordingly (S116). A method for 

combining the RCB values received from all active base stations is as follows: 

[0112] If all received RCB values are set as "increase/' the combined RCB is set as "increase." If any one of the 
RCB values is set as "decrease," the combined RCB is set as "decrease." In all other situations, the combined RCB 
45 is set as "unchanged." 

[0113] In other words, a method for controlling a data transmission rate on a reverse link according to the present 
invention can comprise the steps of determining a channel condition value of each mobile station by a pilot channel 
average power level and a data transmission rate; comparing the channel condition value with a transmission threshold 
of a base station calculated by an interference at the base station; and adjusting a data transmission rate for each 
50 mobile station based upon the comparison result sent via a channel on a forward link to each mobile station in a 
dedicated manner. 

[0114] Additionally, a method for controlling a data transmission rate on a reverse link according to the present 
invention can comprise the steps of determining a total interference level of signals received from one or more mobile 
stations; determining a data transmission control threshold value according to the total interference level; determining 
55 a transmission condition value by receiving a reverse link data transmission rate and a transmitted pilot signal strength 
from the one or more mobile stations; generating reverse link data transmission rate commands by comparing the 
transmission condition value with the data transmission control threshold value; and transmitting data to each mobile 
station in accordance with the generated reverse link data transmission rate commands. 
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[0115] Furthermore, a method for controlling a data transmission rate on a reverse link according to the present 
invention can comprise the steps of determining a total interference level of signals received at a base station; receiving 
a transmission pilot signal strength and a reverse link data transmission rate from a mobile station; and generating 
and sending to the mobile station, a reverse link data transmission rate command using the total interference level, 

5 the transmission pilot signal strength, and the a reverse link data transmission rate. 

[0116] As described above, in accordance with the present invention, the data rate control information is generated 
by considering not only the total interference amount received by the base station, but also the signal reception con- 
ditions at each mobile. Thus, exclusive or dedicated data rate control for each mobile is possible. Accordingly, improved 
data transmissions being more appropriate to the channel conditions of each mobile is achieved, and data throughput 

10 is significantly gained. Also, base station management is advantageously improved, as the base station can accurately 
control the loading on the reverse link. 

[0117] The present invention has been described above with respect to variations in data transmission techniques 
between a base station and mobile station served by the base station, focusing on transmissions on the reverse link 
in a next generation CDMA system. However, it will be understood that the invention can be advantageously applied 
15 to other situations including transmissions on other types of channels and other mobile communication systems being 
developed for handling data packet transmissions. 

[0118] This specification describes various illustrative embodiments of a method and device of the present invention. 
The scope of the claims is intended to cover various modifications and equivalent arrangements of the illustrative 
embodiments disclosed in the specification. Therefore, the following claims should be accorded the reasonably broad- 
20 est interpretation to cover modifications, equivalent structures, and features that are consistent with the spirit and scope 
of the invention disclosed herein. 



Claims 



25 



1 . A method for controlling a data transmission rate on a reverse link in a mobile communications system having a 
plurality of base stations and a plurality of mobile stations, the method comprising: 

determining an interference level at a base station due to signals from the mobile stations served by the base 
30 station; 

determining a transmission energy level required for each mobile station; 

comparing the interference level with the transmission energy level to obtain a comparison result for each 
mobile station; and 

adjusting a data transmission rate for each mobile station based upon the comparison result sent via a common 
35 channel on a forward link to each mobile station in a dedicated manner. 

2. The method of claim 1 , further comprising a step of generating a rate control bit (RCB) based on the comparison 
result, the RCB indicating how a current data transmission rate of a respective mobile station is to be adjusted. 

40 3. The method of claim 2, wherein the RCB is inserted into certain bit positions in a channel slot of the common 
channel. 

4. The method of claim 1 , wherein the interference level is based on a rise over thermal (ROT) parameter. 

45 5. The method of claim 1 , wherein the interference level is based on a probability of cell interference of each mobile 
station. 

6. The method of claim 1 , wherein the transmission energy level is based on a currently assigned data transmission 
rate. 

50 

7. The method of claim 1 , wherein the comparing is performed by using a data rate of valid data that can be transmitted 
in a next frame. 

8. The method of claim 1 , wherein the comparison result includes a data rate control parameter generated by each 
55 base station indicating whether a particular mobile station should increase, decrease or maintain its current data 

transmission rate. 

9. The method of claim 8, wherein each mobile station receives a data rate control parameter from all active base 
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stations to generate a combined data rate control parameter. 

1 0. The method of claim 9, wherein the combined data rate control parameter indicates that a particular mobile station 
should increase its current data transmission rate if all data rate control parameters received from all active base 
stations indicate a data transmission rate increase, and that a particular mobile station should decrease its current 
data transmission rate if at least one data rate control parameter from at least one active base station indicates a 
data transmission rate decrease. 

11. The method of claim 3, wherein the common channel is newly defined. 

12. A method for controlling a data transmission rate on a reverse link in a mobile communications system having a 
plurality of base stations and a plurality of mobile stations, the method comprising: 

determining an interference level of signals received from the mobile stations; 
determining a transmission energy level required for each mobile station; 

comparing the interference level with the transmission energy level to obtain a comparison result for each 
mobile station; and 

sending the comparison result via a common channel on a forward link to each mobile station in a dedicated 
manner in accordance with the comparing. 

13. The method of claim 12, further comprising a step of generating a rate control bit (RCB) based on the comparison 
result, the RCB indicating how a current data transmission rate of a respective mobile station is to be adjusted. 

14. The method of claim 13. wherein the RCB is inserted into certain bit positions in a channel slot of the common 
channel. 

15. The method of claim 12, wherein the interference level is based on a rise over thermal (ROT) parameter. 

16. The method of claim 12. wherein the interference level is based on a probability of cell interference of each mobile 
station. 

1 7. The method of claim 12, wherein the transmission energy level is based on a currently assigned data transmission 
rate. 

1 8. The method of claim 1 2, wherein the comparison result includes a data rate control parameter generated by each 
base station indicating whether a particular mobile station should increase, decrease or maintain its current data 
transmission rate. 

19. The method of claim 14, wherein the common channel is newly defined. 

20. A method for controlling a data transmission rate on a reverse link in a mobile communications system having a 
plurality of base stations and a plurality of mobile stations, the method comprising: 

determining a transmission energy level required for transmitting to the base station; 
adjusting a data transmission rate based upon a comparison result received from the base station in a dedi- 
cated manner via a common channel, the comparison result being obtained by comparing the transmission 
energy level and an interference level of signals sent to the base station by the mobile stations; and 
transmitting packet data on the reverse link in accordance with the adjusting. 

21 . The method of claim 20 ; wherein the interference level is based on a probability of cell interference of each mobile 
station. 

22. The method of claim 20, wherein the comparing is performed by using a data rate of valid data that can be trans- 
mitted in a next frame. 

23. The method of claim 20, wherein each mobile station receives a data rate control parameter from all active base 
stations to generate a combined data rate control parameter. 
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24. The method of claim 23, wherein the combined data rate control parameter indicates that a particular mobile station 
should increase its current data transmission rate if all data rate control parameters received from all active base 
stations indicate a data transmission rate increase, and that a particular mobile station should decrease its current 
data transmission rate if at least one data rate control parameter from at least one active base station indicates a 

5 data transmission rate decrease. 

25. The method of claim 20, wherein the common channel is newly defined. 

26. A base station apparatus in a mobile communications system for controlling a data transmission rate on a reverse 
10 link, the apparatus comprising: 

a determining means which determines an interference level of signals received from the mobile stations, and 
determines a transmission energy level required for each mobile station; 

a comparing means operatively connected with the determining means, which compares the interference level 
15 with the transmission energy level to obtain a comparison result for each mobile station; and 

a transceiver operatively connected with the comparing means, which sends the comparison result via a com- 
mon channel on a forward link to each mobile station in a dedicated manner in accordance with the comparing, 
and receives packet data on the reverse link in response to the sending. 

20 27. The apparatus of claim 26, wherein the base station further generates a rate control bit (RCB) based on the com- 
parison result, the RCB indicating how a current data transmission rate of a respective mobile station is to be 
adjusted. 

28. The apparatus of claim 27, wherein the base station inserts the RCB into certain bit positions in a channel slot of 
25 the common channel. 

29. The apparatus of claim 26, wherein the interference level determined by the determining means is based on a rise 
over thermal (ROT) parameter. 

30 30. The apparatus of claim 26. wherein the interference level determined by the determining means is based on a 
probability of cell interference of each mobile station. 

31. The apparatus of claim 26, wherein the transmission energy level determined by the determining means is based 
on a currently assigned data transmission rate. 

35 

32. The apparatus of claim 26, wherein the comparison result includes a data rate control parameter generated by 
each base station indicating whether a particular mobile station should increase, decrease or maintain its current 
data transmission rate. 

40 33. The apparatus of claim 28, wherein the common channel is newly defined. 

34. The apparatus of claim 26, wherein the mobile communications system is a next generation code-division multiple 
access (CDMA) system, (apparatus) 

45 35. A mobile station apparatus in a mobile communications system for controlling a data transmission rate on a reverse 
link, the apparatus comprising: 

a determining means which determines a transmission energy level required for transmitting to a base station; 
an adjusting means operatively connected with the determining means, which adjusts a data transmission 
50 rate based upon a comparison result received from the base station in a dedicated manner via a common 

channel, the comparison result being obtained by comparing the transmission energy level and an interference 
level of signals sent to the base station by the mobile stations; and 

a transceiver operatively connected with the adjusting means, which transmits packet data on the reverse link 
in accordance with the adjusted data transmission rate. 

55 

36. A method for controlling a data transmission rate on a reverse link in a mobile communications system having a 
plurality of base stations and a plurality of mobile stations, the method comprising: 
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detecting a total interference amount received by a base station; 

determining a transmission energy level required by a mobile station based upon a cell interference probability 
of each mobile station; 

receiving transmittable data rate information of each mobile station; and 

generating data rate control information in accordance with the total interference amount, the transmission 
energy level, and the data rate information for controlling a data transmission rate on a reverse link. 

37. The method of claim 36, wherein the base station receives the cell interference probability reported from each 
mobile station, or calculates the cell interference probability on its own. 

38. The method of claim 36, further comprising: 



preparing, by allocating, a transmission energy required for a data rate of a current transmission frame for 
each mobile station; and 

15 calculating the transmission energy level using the cell interference probability applied to the transmission 

energy required for a data rate of a current transmission frame for each mobile station. 

39. The method of claim 36, wherein the data rate information is set as "increase" if a remaining transmission power 
of each mobile is above a threshold, if the number of bits to be sent within atransmission buffer is above athreshold, 

20 and if the data rate of a current transmission is below a maximum data rate. 

40. The method of claim 36, wherein the data rate information is set as "unchanged" if at most, two conditions of a 
group comprising: if a remaining transmission power of each mobile is above a threshold, if the number of bits to 
be sent within a transmission buffer is above a threshold, and if the data rate of a current transmission is below a 

25 maximum data rate, are satisfied. 

41. A method for controlling a data transmission rate on a reverse link in a mobile communications system having a 
plurality of base stations and a plurality of mobile stations, the method comprising: 

30 determining a channel condition value of each mobile station by a pilot channel average power level and a 

data transmission rate; 

comparing the channel condition value with a transmission threshold of a base station calculated by an inter- 
ference at the base station; and 

adjusting a data transmission rate for each mobile station based upon the comparison resu It sent via a channel 
35 on a forward link to each mobile station in a dedicated manner. 

42. A method for controlling a data transmission rate on a reverse link in a mobile communications system having a 
plurality of base stations and a plurality of mobile stations, the method comprising: 

40 determining a total interference level of signals received from one or more mobile stations; 

determining a data transmission control threshold value according to the total interference level; 
determining a transmission condition value by receiving a reverse link data transmission rate and a transmitted 
pilot signal strength from the one or more mobile stations; 

generating reverse link data transmission rate commands by comparing the transmission condition value with 
45 the data transmission control threshold value; and 

transmitting data to each mobile station in accordance with the generated reverse link data transmission rate 
commands. 

43. The method of claim 42, wherein the data transmission control threshold is either maintained if thetotal interference 
50 level is within a fixed range, increased if the total interference level is less than the fixed range, or decreased the 

total interference level is greater than the fixed range. 

44. The method of claim 42, wherein during the comparison of the transmission condition value, which corresponds 
to the transmitted pilot signal strength and the reverse link data transmission rate, with the threshold value, a 

55 decrease rate bit is formed if the transmission condition value is greater than the threshold value, an increase rate 

bit is formed if the transmission condition value is smaller than twice the threshold value, and a maintain rate bit 
is formed for the current data transmission for conditions other than those for forming the decrease rate bit or the 
increase rate bit. 
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A method for controlling a data transmission rate on a reverse link in a mobile communications system having a 
plurality of base stations and a plurality of mobile stations, the method comprising: 

determining a total interference level of signals received at a base station; 

receiving a transmission pilot signal strength and a reverse link data transmission rate from a mobile station; 
and 

generating and sending to the mobile station, a reverse link data transmission rate command using the total 
interference level, the transmission pilot signal strength, and the a reverse link data transmission rate. 
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The present invention relates to radio communication systems and more particularly it concerns a 
method of controlling transmission on the same channel of variable-rate information streams in these 
systems, and a system using this method. 

Preferably, but not exclusively, the communication system Is a mobile communication system, and the 
s information streams are represented by coded speech signals and control signals of a speech communica- 
tion on the user channel of such a system. 

In the framework of research concerning future developments of mobile communications, it is being 
attempted to define general characteristics of systems presenting a high flexibility, so as to allow the 
introduction of services which today are even completely unknown or cannot be foreseen. 
w One example is that known as the 'Universal Mobile Telecommunications System 5 . 

A performance which is considered as suitable is that these systems should be able to process 
variable-rate information streams. In fact, considering the preferred application, the two information streams 
(speech and control signals, meaning by the latter term both the conventional telephone signalling and the 
other signals ; e.g. measurement results, handover commands, etc., typical of a mobile communication 
15 system) are variable-rate streams. The variability of the speech stream is due to the nature of the speech 
itself, the characteristics of which change during time, to the existence of pauses during a conversation, to 
the characteristics of the speaker, etc. 

Also control signals comprise information of different nature, some of which must be transmitted 
periodically (e.g. results of measurements) while others (e.g. handover commands) are to be transmitted 
20 whenever necessary. Moreover, redundancy to be introduced to protect information may vary for both 
streams depending on the conditions of the radio channel. 

Keeping this into account, access techniques to radio channels have been examined which are well 
suited to variable information stream processing, specially techniques of the type known as Code Division 
Multiple Access (CDMA). When these techniques are used, system capacity is linked to the average 
25 interference generated by active users: therefore each reduction of data transmitted at a given moment 
allows increasing the overall number of users served, and vice-versa, a reduction of traffic allows satisfying 
the requests lor greater resources by certain communications. 

in the case of a speech communication between a mobile station and a base station, it is possible to 
multiplex the two information streams, after the respective channel coding, on the same radio channel, since 
so this solution is doubtless more efficient than the allocation of a physical channel to each stream. 
Considering that for each physical channel a maximum transmission rate is foreseen, which can vary 
depending on the system conditions, the problem arises of sharing conveniently the available bits between 
the two streams. 

A spread spectrum communication system is already known, where two information streams at variable 

35 rales originated by two different sources (in particular speech communication traffic and communication 
control signals) are combined on the same physical channel. This system is described in 'Proposed E!A<TIA 
Wideband Spread Spectrum Standard', Qualcomm Inc., 15 May 1992, pages 8-32 to 8-42 and 7-27 to 7-83. 

The known system admits four transmission rates between mobile stations and base stations, in 
particular 1200, 2400, 4800 and 9800 bits/s.The system can operate at anyone of the four rates when only 

40 speech signals are to be transmitted. When also control signals are to be transmitted, the system always 
operates at the maximum rate, keeping into account, first of all, the requirements of control signals: if these 
do not require all the available rate, speech signals can be transmitted too. This management system is 
scarcely flexible and under certain conditions it can lead to a deterioration of the speech signal quality; this 
deterioration could be avoided with a more sophisticated allocation criterion. 

45 The aim of the invention is to provide a method of controlling transmission, and a system using the 
method, where the choice of the transmission rate is effected on the basis of a joint assessment of the 
needs of the individual information streams so as to keep the quality of service constant 

According to the invention, a method is therefore provided of controlling transmission on a same radio 
channel (in particular, a radio channel of a mobile communication system) of variable-rate information 

so streams related to the same communication and originated by different sources, in which each stream is 
emitted by a source at a rate which is selected, in a given time interval, within a respective set of source 
rates and the stream is associated, before being sent on the channel, to a redundancy which is selected 
within a set of possible redundancy schemes and determines an increase of the stream rate, characterised 
in that, in the said interval, there are assessed the source needs in terms of the emission rate which is best 

55 suited to the stream characteristics, the channel needs in terms of the redundancy to be associated with the 
individual streams, and the system needs in terms of the channel rate, and each stream is allocated the 
emission rate and the redundancy which guarantee the attainment of a predetermined quality of the 
particular communication and of the service offered by the system. 
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The communication system utilizing the method comprises at least two stations connected via radio 
channels and comprising: 

- sources of variable-rale information streams related to a same communication, which streams must be 
combined on the same radio channel, each source being able to operate, in a given time interval, at a 

5 rate chosen within a respective set of rates; 

- means to introduce into each stream, in the said time interval, a redundancy chosen within a set of 
possible redundancy schemes, each of which causes an increase in the rate of the stream emitted by 
the source: 

- means to combine the individual streams into a single stream to be transmitted on the channel; 
io - management units of the stations; 

characterized in that said stations are associated with a control unit of the variable-rate streams, which unit, 
for each communication, receives from the sources information related to the respective needs in terms of 
the emission rate which is best suited io the characteristics of the respective information stream in that 
interval, and receives from the management units information about the needs of the channel and of the 

75 whole system during that interval, expressed in terms of redundancy to be introduced and respectively of 
transmission rate on the channel, and supplies the sources and the means for introducing redundancy with 
commands for the choice of a particular source rate and of a particular redundancy, the rates and the 
redundancies chosen being those which guarantee the attainment of a predetermined quality of the 
particular communication and of the service offered by the system. 

20 According to a preione6 embodiment of the invention, the rates and the redundancies chosen are those 
which meet the respective needs if the total rate resulting from the combination of the streams on the 
channel, expressed as the sum of the stream emission rates and the rate increments due to the 
redundancies, does not exceed a rate imposed by the system conditions, and otherwise each stream is 
allocated such an emission rate and such a redundancy as to minimize a cost of the communication, linked 

25 to the quality of the particular communication and of the service offered by the system, and given by the 
sum of the costs resulting from the individual needs. 

Preferably, the two stations are a mobile station and a fixed part (base station and radio network control) 
of a mobile communication system. 

The invention will be better understood with reference to the annexed drawings, where: 

30 - Fig. 1 is a genera! scheme of a mobile communication system utilizing the invention; 

- Fig. 2 is a block diagram of the control unit according to the invention; and 

- Fig. 3 is a flow chart of the operations of the unit of Fig. 2. 

In Fig. 1 the mobile communication system In which the invention is applied is schematized by a set of 
mobile stations Ml...Mh, by a set of base stations B1...Bn ( connected to the mobile stations by means of 
35 radio channels to which the stations have access according to code division techniques, and by a radio 
network control centre RNG. 

As indicated for M1, for variable-rate speech and control signal transmission a mobile station Ideally 
comprises: 

- a speech coder CV1 which receives speech signals from microphone MP and emits on a connection 1 
40 a coded signal at a rate n generally variable frame by frame; for example CV1 can be based on 

analysis-by-synthesis techniques; for the purpose of the invention, CV1 constitutes the source of the 
respective information stream; 

- a source CS1 of control signals issuing on a connection 2 a stream at a rate r 2 which is also generally 
variable frame by frame; in general the whole stream of control signals (hereinafter referred to also as 

45 "signaling") to be transmitted by the mobile stations to the base station will be generated locally and 

block CS1 schematizes the whole of the units producing this signalling; 

- channel coders CC1, CG2 for speech signals and control signals, respectively, which coders receive 
the signals generated by CV1 , CS1 and associate them with a redundancy, which in general is also 
variable frame by frame and results in a rate increase r 3 , r*; coders CC1, CC2 can be of any of the 

50 types used in mobile communication systems: e.g. channel coding can be based on convolutionai 

coding. 

Information streams present on outputs 3, 4 of the channel coders are combined by a multiplexer MX1 
into a single stream sent through connection 5 to the CDMA transmitter T1 , which forwards it on radio 
channel 8. MX1 and T1 incorporate ail the units needed to organize the transmission according to the 
55 protocols required by the particular communication system, 

Rates and redundancies u t r?, ra, u to be adopted at a given time interval (e.g. a frame in a code 
division transmission) are communicated to blocks CV1, CS1, CC1, CC2 through connections 7-10 by a unit 
UC1 controlling the variable-rate transmission. UC1, which constitutes the subject matter of the invention, 
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communicates to MX1 also the information about total rate r tot = ri *ra + n. through connection 15. The 
rates are determined by UC1 keeping into account the needs of speech, signalling, channel and system. 

The needs of speech and signalling can be represented by information related to the rate best suited 
for coding the particular speech segment or for signaling transmission in that stage- Channel conditions, 
s which can vary both in time and depending on the position of the mobile, can be e.g. represented by 
information on the measured error rate, determining the protection needs of the signals and therefore the 
redundancy which channel coders CC1 S CC2 must introduce. Finally, the system conditions, which 
determine the rate actually available on channel 8, depend on traffic conditions: e.g. low traffic conditions 
can allow a higher transmission rate for speech and therefore a better quality of the same, which can be 
70 obtained e.g. by a wide-band coding, while heavy traffic conditions can set limits to maximum data rate. 

The information about the needs of CV1 and CS1 is supplied by such units to UC1 through connections 
11, 12; the information related to the conditions of radio channel 8 and of the system are supplied through 
connections 13, 14 by a mobile station management unit MM. In general the information on the channel and 
on the system Is not, or is not all, available to MM, which to this purpose must dialogue with the base 
15 station management unit BM, as outlined by logical connection 18. 

Considering that the output quantities from UC1, i.e. the rates, are discrete quantifies, it has been 
deemed convenient that also the input quantities should be discrete quantities, which can be represented 
by indices 11,. .35. In particular: 

■ II (1 S 11 < N1) identifies which of N1 possible operating rates of the coder CV1 is best suited for 
20 speech coding in that frame; in an exemplary embodiment, seven rate values were foreseen for CV1 5 

ranging from 400 bit/s to 18 kbit's; 

- 12 (1 $ 12 i>. N2) identifies one of N2 possible transmission rates for control signals; in the said 
exemplary embodiment, four possible rate values were foreseen, e.g. 0, 2 ; 4, 8 kbit/s; 

- I3 ? 14 (1 £ 13 < N3 and 1 £ 14 £ N4) identify one of the possible protection schemes and therefore one 
25 of the possible redundancies to be used for speech and signalling, respectively; in general, for both 

types of signals, the choice will be between a strong protection and a mild protection even If the same 
scheme uses different redundancies for the two types of signals; a single index can therefore be used 
to indicate the channel needs: the example considered adopted this solution with redundancies 
ranging from 0.8 to 11 kbits/s or from 0.8 to 15 kbits/s for speech (respectively in the case of mild or 
so strong protection) and from 0 to 10 kbit/s or from 0 to 22 kbit/s for signalling; 

- 15 (1 £ 15 £ N5) identifies one of N5 occupancy levels of the system (with level 1 corresponding to 
minimum occupation) and therefore one of N5 possible rates on channel 6; in the example 
considered, the channel rates varied between 1 kbit/s and 40 kbit/s, in steps of 1 kbit. 

On the basis of this information, UC1 determines rates ri...r* so as to satisfy entirely the rate and 

35 protection requirements of the different streams, if this is allowed by the system conditions; otherwise the 
rates are determined so as to minimize the total cost which must be paid to obtain a predetermined quality. 
Total cost will be represented by the sum of the costs linked with the individual needs. These costs in the 
described embodiment are digital values which give, for Instance, an indication of the distortion associated 
with a certain rate of the coded signal {for speech} or with certain conditions of the channel or the system, 

40 or of the time required for the execution of a procedure (for control signals). These values can be 
determined a priori, e.g. by means of a simulation, and improved by field measurements during a stage of 
experimental running of system. Costs connected with the different needs must be normalized with respect 
to a common base. To simplify the realization, costs can be considered constant, and the described 
example refers to this case. 

45 A possible example of cost minimization algorithm will be described with reference to Fig. 3. 

A set of units similar to the one described is present also in the fixed part of the system, for managing 
communication towards the mobile. CV2, CS2, GC3, CC4, MX2, T2 S UC2 correspond to the units CV1 S CS1, 
CC1, CC2, MX1 , T1, UC1 of the mobile; RNCM, BM are the management units of the radio network control 
unit and of the base station. References 1\..15' indicate connections corresponding to the connections 

so 1...15 of the mobile. 

As it can be seen, the devices concerned with the management of the communication towards the 
mobile are shared between the base station and the network control unit RNC. In particular, the devices 
more directly involved in the transmission aspects (channel coders, multiplexer, transmitter) are located in 
the base station; the speech coder, the control signal source and the control unit of the variable-rate 
55 transmission are located in the network control unit. The information about the channel and system 
conditions are supplied to UC2 by the network control management unit RNCM which dialogues with 
management unit BM of the base station In order both to obtain information about the channel and/or 
system conditions available only in BM, and to supply BM with the information about channel and/or system 
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conditions to be sent to MM. The logical connection between BM and RNCM Is indicated by 17. Moreover 
in this case the control signals are partly generated locally and partly will arrive from the land network (not 
represented), from which the speech to be coded arrives to CV2. Connections with the land telecommunica- 
tions network are indicated by 18 ; 19 for speech and control signals, respectively. 

5 it should however be noted that the system organization shown in the Figure is a logical organization 
which is used to explain the location of the invention in the system and the operations performed by the 
invention, and it has no binding character on the real location of the units performing the functions 
described. In particular, logical connection 16 between BM and MM will be physically realized by means of 
an exchange of signalling through channel 8. 

io The receiving part, both in the mobile station and in the fixed part is not concerned by the invention and 
therefore it is not represented. 

Fig. 2 shows the structure of a control unit UC, e.g. UC1. The unit comprises two groups of memories 
ME1-1, ME2-1, ME1-2, ME2-2...IVIE1-5, ME2-5 associated with each of the inputs, and a processing unit EL 
which executes the cost minimizing algorithm using the data read in the memories. 

75 Memories ME1 store a parameter relevant to the stream rate at the output from the source, the channel 
coder and the multiplexer; the parameter is a vector (for the inputs associated with indices 11, 12, 15} or a 
matrix (for 13, 14). Memories ME2 store a matrix of costs. Considering that the emission rates and the 
redundancy schemes are fixed for a given configuration of the communication system and supposing that 
costs are constant, memories ME1, ME2 are read only memories. 

20 Rate vectors R\ = [n(1), n (2).„n (N1)] ( R2 = [r 2 (1).»r 2 (N2)] and M = [r 5 (1)...r 5 (N5)] are vectors with 
N1, N2 or respectively N5 components, corresponding each to one of the possible operation rates of CV1 
and GS1 or one of the N5 transmission rates on channel 8. The components are ordered according to 
increasing values from the first to the N1-th or N2~th for fl1 , R2, and in a decreasing order from r 5 (1) to rs- 
(N5) for R5. The memories are addressed at each frame by 11 , 12, 15 and supply EL, through connections 

25 21, 22, 25, with the vector component read in each of them. 

Cost matrices 

C1(1.1). £1(1*2) ... C1(1,N1) C2(1,1), 02(1,2) ... C2(1,N2) 

Cl= C2 = . ...... ...... 

35 C1(N1,1) ...... C1(N1,N1) C2(N1,1) C2(N2 ? N2) 



stored in IVSE-1, ME-2 are addressed by rows by index 11 or respectively 12 and by columns by an index i, 
40 or respectively j, generated during the communication cost minimizing algorithm. Indices i, j can take values 
varying from 11 (S2) to 1, including the extreme values. Indices t, j are supplied by EL through connections 
41 , 42. The datum read is supplied to EL through connections 31 , 32. In each row the costs decrease as 
the column index increases. 

Costs ci can for example express a measure of the perceptual distortion associated with a particular 
45 combination requested rate - allocable rate. Costs C2 can be the expression of the quality of service 
represented e.g. as the time for the execution of a procedure and therefore as the probability that the 
procedure itself could be completed in a preset time. In practice, since i, j can never exceed 11, 12, the 
matrices are triangular matrices, where only the values below the diagonal differ from 0; the costs on the 
diagonal can be allotted the value 0, where "cost 0 { means that the system is able to supply exactly the 
50 requested rate. The same convention will be adopted for the other cost matrices. 



55 



5 



EP 0 S27 827 A2 



Cost matrix 



05(1,1) ..... c 5 (1,N5) 



C5 = ................ 

C5(N5,1) ...,C5(N5 r N5) 



stored in ME2-5 is addressed by Index 15 for the rows and by an index !r, associated with the total rate r tot 
75 and generated during the cost minimization algorithm, for the columns. Index Ir is present on a connection 
45. 

it is to be noted that, when r tot lies between two consecutive values of r 5; index Ir is associated with the 
higher value: i.e., considering that the rates In R6 are decreasing, fl5(lr+ 1) < r xot £ /?5(!r). Costs c 5 decrease 
along the rows. 
20 In matrix 



C5 



25 costs cs (p,q) with p>q correspond to system rates greater than total rate and therefore can be considered 
as negative costs; the opposite for p<q. The datum read in 



30 



35 



C5 

is supplied to El through connection 35. 

The third and fourth inputs are associated with memories ME1-3, ME1-4 and ME2-3, ME2-4 storing 
respective rate matrices 

1, R4 



and cost matrices 



40 



C3, C4. 

The two rate matrices 

45 r3(1,1) .... r3(1,N3) r4(1,1) ... r4(1,N4) 
R3= R4 - 



50 



r3(N1,1) .... r3(N1,N3) r4(N2,1)...r4(N2 f N4) 



contain N1 or respectively N2 rows corresponding to the N1 or N2 source rates, and M3 or respectively N4 
55 columns (with N3 = N4 in the example considered) whose number is equal to the number of foreseen 
channel coding schemes. Rate values in the rows of the two matrices increase as the column index 
increases. Reading pointers in the two matrices are respectively 11, 12 for the rows and 13 for the columns. 
The datum read is presented on connections 23, 24. The two matrices are constant. 



8 



EP 0 827 827 A2 



Cost matrices 

C3(1,1) - C3(1,N3) C4(1,1) ... C4(1,N4) 

5 

C3 = ..... , C4 = .............. . 

10 C3(N3,1)...C3(N3,N3) C4{N4,1)...C4(N4,N4) 

stored in ME2-3, ME2-4 are totally similar to matrices 

CI C2. 

Costs can represent a distortion introduced by the channel on the respective signal: for the speech this will 
be a perceptual distortion, as is the case of 

20 

a, 

while for control signals it will be a probability that the signal could not be Interpreted correctly, 
25 The two matrices are addressed by rows by I3 ; while columns will be addressed by an index k, 

supplied by E1 through connection 43, which is generated during the cost minimization algorithm and which 

can vary from 13 to 1 . The data read are supplied to E1 through connections 33, 34. 

Figure 3 contains the flow chart of the algorithm. At each frame, the rate vector/matrix components 

addressed by indices 11. ..15 and the values of the indices are loaded in EL (step 101). Said components are 
so indicated as r m (min) where m ~ 1 ,2,3,4. The corresponding total rate 



rtot{min) = I r m (min) 

35 

is then determined and compared with rate r 5 permitted by the system (steps 102, 103). If r tct {min) does not 
exceed rs, the four rates requested are accepted and the relevant commands are emitted for blocks CV1, 

40 CS1, CGI, CC2, MX1 (CV2...MX2) (step 104). 

if the total rate required exceeds system rate r 5 , it is necessary to pass on to cost evaluation. Total cost 
of the request is initialized to a value Gmin = *> (step 105) and every possible rate combination, equal to or 
lower than those indicated by indices 11 - 14, Is tested (steps 108-109). The combinations different from the 
initial one are obtained by diminishing the individual indices by 1 unit, independently from one another. 

45 Indices i, j s k represent the values assigned to 11, 12, 13 at a given step of the test, For each combination of 
i, j, k, the total rate is calculated again (step 110) and is compared now with the maximum rate admissible 
on the channel (step 111). If the total rate is higher than maximum rate, the only possibility is to try a 
combination of lower values, otherwise the cost of the combination under test will be assessed. Comparison 
with maximum rate and not with system rate r 5 means that the possibility is also envisaged of allocating the 

50 communication a total rate which is higher than the system rate ; by paying the respective price, 
represented by cost Cs(l5,ir). 

For cost assessment, if is necessary to determine index Ir (step 112) and to calculate total cost Gtot, as 
the sum of the costs addressed in the individual matrices 

C1...C5 
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(step 113). Thss cost is compared with value Gmln (<» if the initial combination is being assessed) (step 114) 
and whenever a total cost Is lower than the one stored in memory this value is updated. Also the 
corresponding values n...r<., r tol are stored. At the end of the test on all the combinations of indices i, j, k, 
unit EL will supply values n ...u, hot determined, 

s it Is clear that trying all possible combinations of values of i, j, k can be effected so long as indices 
11 ...IS have a limited number of values, as in the example given. Under these conditions, control unit UC2 
could also simultaneously manage several communications. If the number of combinations is too high, 
dynamic programming techniques, tree selection techniques and so on, can be used, which allow 
discarding beforehand a number of combinations, 

w it is clear that what described has been given only by way of non limiting example, and that variations 
and modifications are possible without going out of the scope of the invention. 
For example, even if matrices 

CL..C5 

have been assumed to be constant for all frames, It is possible to update the values periodically. As an 
alternative to storage as matrices, the costs related to source and channel conditions could be organized 
into vectors, corresponding to the first column of the respective matrices; these vectors would vary on a 

20 frame by frame basis. Moreover, the cost vector relative to the second input would also be a function of the 
choice made in the preceding frames, since each choice influences the probability that the procedure can 
be brought to successful conclusion within the time set. 

Furthermore, the invention can be applied for services other than speech transmission, such as 
variable-rate data transmission, in which the two streams would be represented by the data and by the 

25 signalling, or in systems employing access techniques different from CDMA but always in connection with 
variable-rate transmissions, e.g. PRMA (Packet Reservation Multiple Access) or ATM (Asynchronous 
Transfer Mode) techniques. Moreover, even If the invention has been disclosed in connection with a mobile 
communication system, if can be also applied to other radio communication systems comprising at least 
two stations connected via radio channels, in particular satellite communication systems. 

30 

Claims 

1. Method of controlling transmission, on a same radio channel, of variable-rate information streams 
relative to the same communication and originated from different sources, in which each stream is 

35 emitted by a source (CV1 S CS1; CV2, CS2) at a rate (n, t2) which, in a given time interval, is chosen 
within a respective set of source rates and the stream is associated, before being sent on the channel 
(8), with a redundancy which is chosen within a set of possible redundancy schemes and which 
determines an increment (ra, u) in the stream rate, characterized in that during the said interval there 
are assessed the source needs in terms of the emission rate which Is best suited to the stream 

40 characteristics, the channel needs in terms of the redundancy to be associated with the individual 
streams, and the system needs in terms of channel rate, and each stream is allocated the emission rate 
and the redundancy which guarantee a predetermined quality of the particular communication and of 
the service offered by the system. 

45 2. Method according to Claim 1 , characterized in that each stream is allocated the emission rate and the 
redundancy which meet the respective needs if the total rate (r tot ) resulting from the combination of the 
streams on the channel, expressed as the sum of the stream emission rates and the rate increments 
due to the redundancies, does not exceed a rate (rs) imposed by the system conditions, and otherwise 
each stream is allocated such an emission rate and such a redundancy as to minimize a cost of the 

so communication, linked to the quality of the particular communication and of the service offered by the 
system, and given by the sum of the costs resulting from the individual needs, 

3. Method according to Claim 1 or 2, characterized in that the radio channel is the communication channel 
between a mobile station and a base station of a mobile communication system, and the assessment of 
55 said needs is performed separately in the mobile station and in a fixed part of the system, respectively 
for the direction from the mobile station towards the fixed part and for the opposite direction. 
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4c Method according to any of Claims 1 to 3, characterized in that, for each direction of the communica- 
tion, the information on said needs are represented by indices (11 ...35), linked to one of the possible 
source rates of each stream, to one of the possible redundancy schemes and to one of the possible 
channel rates. 

5 

5. Method according to Claim 4, characterized in that said indices constitute reading addresses for 
accessing stored information on the emission and channel transmission rates and on the rate 
increments caused by the redundancies, as well as on the costs associated with the rates and 
redundancies actually allocable. 

70 

8. Method according to Claim 5 a characterized in thai the information on the channel needs is represented 
by a single index for all information streams. 

7. Method according to any of Claims 4 to 8, characterized in that the stored information relative to the 
75 source rates and to the channel rates consists of vectors with as many components as there are 
possible rate values, and the information on the rate Increments caused by the redundancies is 
represented by matrices in which each component is associated with a combination of 
source/redundancy rates. 

20 8, Method according to any of Claims 4 to 7, characterized in that the stored information relative to costs 
is in the form of digital values, normalized with respect to a common base and organized into matrices 
in which each component is associated with a combination of rates/ redundancies required and 
rates/redundancies allocable, 

25 8, Method according to Claim 8, characterized in that said cost matrices are constant matrices, 

10 o Method according to any of Claims 4 to 7, characterized in that the information stored relative to costs 
related to the source and channel needs is in the form of digital values organized into vectors, updated 
at every time interval. 

30 

11, Method according to any preceding claim, characterized in that the information streams are digitally 
coded speech signals and control signals of a speech communication . 

12, Method according to any of Claims 1 to 10, characterized in that the information streams are data and 
35 control signals of a variable-rate data transmission. 

13, Method according to any preceding claim, characterized in that the mobile communication system is a 
system in which channel access occurs according to code division techniques and the transmission 
period on the channel is divided into frames, and in that the determination of the rate and of the 

40 redundancy to be allocated to the individual streams is made at each frame. 

14 Method according to any of claims 1 to 12, characterized in that the communication system is a system 
in which channel access for variable-rate transmissions occurs according to time division technique. 

45 15. Communication system including at least two stations (M1...Mh; RNC; B1...Bn) connected via radio 
channels and including: 

- sources (CV1 S CS1; CV2, CS2) of variable-rate information streams relative to a single commu- 
nication that must be combined on a single radio channel (6), each source being able to operate, 
in a given time interval, with a rate (n , r 2 ) chosen within a respective set of rates; 

50 - means (CC1, CC2; CC3 5 CC4) to introduce into each stream, in said time interval, a redundancy 

chosen from a set of possible redundancy schemes, each of which causes an increment (rs> r*) in 
the rate of the stream emitted by the source; 

- means (MX1, MX2) to combine the individual streams into a single stream to be transmitted on 
the channel (6); 

55 - management units (MM, BM, RNCM) of the stations; 

characterized in that said stations are associated with a variable-rate stream control unit (UC1, UC2) 
which, for each communication: receives from the sources (CV1, CS1; CV2, CS2 ) information on the 
source needs in terms of the emission rate which is best suited to the characteristics of the respective 
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information stream in that interval; receives from the management units (MM, RNCM) information on 
the needs of the channel (6) and of the entire system in that interval, expressed in terms of redundancy 
and respectively of transmission rate on the channel; determines a particular source rate and a 
particular redundancy for each stream and provides the sources (CV1, CS1; CV2, CS2) and the means 
s (GC1, CC2; GC3, CC4) for redundancy introduction with commands for the choice of that particular 
source rate and redundancy, the rates and redundancies chosen being those which guarantee the 
attainment of a predetermined quality of the particular communication and of the service offered by the 
system. 

?o 18. Communication system according to Claim 15, characterized in that the rates and redundancies chosen 
are those which satisfy the source and channel needs in that interval, if the total rate (r tot ) of the stream 
resulting from the combination, expressed as the sum of the emission rates of the streams and the rate 
increments caused by the redundancies, does not exceed a rate (rs) determined by the system 
conditions, while otherwise the rates and redundancies are chosen so as to minimize a total cost of the 

75 communication, linked to the quality of the particular communication and of the service offered by the 
system, and given by the sum of the costs resulting from the individual needs. 

17. Communication system according to Claim 15 or 16, characterized in that each control unit (UC1; UC2) 
includes: 

2Q - a first group of memories (ME1-1...ME1-5), which store information relative to the possible rates 

of the streams emitted by the sources, to the combinations of each of these rates with each of 
the redundancies foreseen for the respective stream, and to the possible rates on the channel, 
and which are addressed respectively by the information on the needs of the sources (CV1, CS1: 
CV2, CS2), of the channel (6) and of the system supplied by the sources (CV1 , CS1; CV1, CS2) 

25 and the management units (MM, RNCM), respectively; 

- a second group of memories (ME2-1...ME2-5), which store information on the costs associated 
with the possible choices of rates of the streams flowing from the sources, of the redundancy 
required by the channel conditions and of the rate on the channel (6), and are addressed in 
reading at least by the information provided by the sources (CV1, CS1; CV2, CS2) and by the 

so management units (MM, RNCM); 

- a processing unit (EL), which receives from the sources (GV1, CS1; CV2, CS2) and from the 
management units (MM, RNCM) information on the source, channel and system needs, and from 
the first and second group of memories (ME1-1...ME1-5, ME2-1 ...ME2-5) information on the rates, 
redundancies and costs, and provides the sources (CV1, CS1; CV2, CS2) and the means 

35 (CC1„.GC4) of redundancy introduction with commands for the choice of the emission rate and of 

the redundancy. 

18. Communication system according to any of Claims 15 to 17 ; characterized in that the sources (CV1, 
GS1; CV2, CS2) and the management units (MM, RNCM) provide the information on the source, 

40 channel and system needs in the form of indices (M...I5) which constitute reading addresses or parts of 
the reading addresses in said memories (ME1-1...ME2-5). 

19. Communication system according to Claim 17 or 18, characterized in that, in the first group of 
memories (ME1-1...ME1-5), the memories (ME1-1, ME1-2, ME1-5) for the information on the source 

45 and channel needs store rate values organized into vectors, each having as many components as there 
are possible values for the source and channel rates, and the memories (ME1-3, ME1-4) for information 
on the channel needs store rate values organized into matrices in which each row is associated with 
one of the rate values of the respective source, and each column with one of the possible increments 
caused by the redundancy, 

50 

20. Communication system according to any of Claims 17 to 19, characterized in that the memories of the 
second group (ME2-1...ME2-5) store numerical cost values organized Into matrices, and each memory 
location is addressed jointly by one of the said indices (I1...I5) and by a further index, generated by 
said processing unit (EL) during the determination of the rates and of the redundancies and associated 

55 with a rate or a redundancy that can be actually allocated to the individual streams emitted by the 
source or respectively to the total rate of the stream resulting from the combination. 
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70 



21. Communication system according to Claim 20 characterized In that said cost matrices are constant 
matrices. 

22. Communication system according to any of Claims 17 to 19 characterized in that the memories of the 
second group (ME2-1...ME2-4) storing costs related to the source and channel needs store numerical 
values organized into vectors, updated at each time interval. 

23. Communication system according to any of Claims 15 to 22, characterized in that the information 
streams are speech signals coded in digital form and control signals of a speech communication, 

24. Communication system according to any of Claims 15 to 22, characterized in that the Information 
streams are data and control signals of a variable-rate data transmission. 

25. Communication system according to any of Claims 15 to 24, characterized In that the communication 
75 system is a mobile communication system comprising a plurality of mobile stations (M1...Mh) and a 

fixed part (RNC; B1...Bn), consisting of base stations (B1...Bn) and of radio network control units (RNC), 
and the unit (UC1 5 UC2) controlling the variable rate streams is provided in each mobile station 
(M1...Mh) and in the fixed part (RNC; B1...Bn). 

20 26. Communication system according to Claim 25, characterized in that the mobile communication system 
is a system in which channel access occurs through code division techniques, 

27. Communication system according to Claim 25, characterized in that the mobile communication system 
is a system in which channel access for a variable-rate transmission occurs through time division 
25 techniques. 
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(57) Efficient data communication in wireless com- 
munication system is provided by using centralized con- 
trol of data communications, such as packet switched 
services, over the uplink channel (mobile station (MS) 
to base station (BS)). A multiple access protocol is used 
where packet data mobile stations make requests for 
uplink channel resources. The request messages trans- 
mitted by the MSs inform the BS of service parameters. 
Examples of such service parameters are available 
transmit power at the MS, the amount of data to transmit 
and Quality of Service (QoS). The BS then processes 
the received request messages and performs interfer- 
ence management calculations to determine the portion 



of the BS's receive power budget that can be allocated 
to the data user requesting service. These calculations 
are used to control the amount of interference seen at 
the base station, to assign a data rate to the user and 
to aid scheduling algorithms in computing service order 
priorities. Any scheduling algorithm may be used; for ex- 
ample, scheduling may be based on the amount of data 
to be transmitted, the age of the data or the service pri- 
ority associated with the mobile station. The interfer- 
ence control is used to prevent the occurrence of cata- 
strophic levels of interference while maximizing the uti- 
lization of resources on the uplink. 
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Description 

Field of the Invention 

5 [0001] The present invention relates to communications; more specifically, wireless communications. 
Description of the Related Art 

[0002] Previously, resource management and channel allocation on the uplink or reverse link (RL) has been treated 
10 primarily as a "distributed control" problem. In other words, a Base Station (BS) did not control the operations by 
assigning service order priorities. However, the BS did supervise access to the reverse link and monitor operations via 
slow or fast power control. For example, in CDMA 2000-1 x systems, each mobile requested a reverse link channel at 
a specific rate. The BS monitored the interference patterns and determined whether to admit the user or not. Once the 
user was admitted at a chosen rate, the BS monitored the subsequent transmissions via fast power control. Another 
15 example of reverse link access and control can be found in 1xEV-DO systems. In these systems, every mobile began 
to transmit autonomously beginning with the lowest rate in the rate set. At every subsequent transmission, each mobile 
autonomously doubled its data rate. The base station continued to monitorthe channel via power control. If the aggre- 
gate received power at the BS or the interference to each user exceeds a predefined threshold, the BS ordered all 
mobiles to reduce their data rates. Due to the autonomous nature of the transactions, this resulted in an inefficient data 
20 communications on the uplink between mobile stations and base stations. 

Summary of the Invention 

[0003] One embodiment of the present invention provides efficient data communication in wireless communication 

25 systems by providing centralized control of data communications, such as packet switched services, over the uplink 
channel (mobile station (MS) to base station (BS)). A multiple access protocol is used where packet data mobile stations 
make requests for uplink channel resources. The request messages transmitted by the MSs inform the BS of service 
parameters. Examples of such service parameters are available transmit power at the MS, the amount of data to 
transmit and Quality of Service (QoS). The BS then processes the received request messages and performs interfer- 

30 ence management calculations to determine the portion of the BS's receive power budget that can be allocated to the 
data user requesting service. These calculations are used to control the amount of interference seen at the base station , 
to assign a data rate to the user and to aid scheduling algorithms in computing service order priorities. Any scheduling 
algorithm may be used; for example, scheduling may be based on the amount of data to be transmitted, the age of the 
data or the service priority associated with the mobile station. The interference control is used to prevent the occurrence 

35 of catastrophic levels of interference while maximizing the utilization of resources on the uplink. 

[0004] This method is useful in wireless communication systems such as Code Division Multiple Access (CDMA) 
systems, which serve a mixture of traffic classes; for example, voice services and data services. The method is par- 
ticularly useful with respect to the packet data component of the overall traffic and serves to efficiently utilize the uplink 
channel while striking a balance between minimizing aggregate channel interference and improving user level quality 

40 of service (QoS). 

Brief Description of the Drawing 

[0005] FIG. 1 illustrates a receive power or interference power budget at a base station. 

45 

Detailed Description 

[0006] The centralized protocol and interference management scheme strikes a balance between networkthroughput 
and user level QoS. This is achieved via a combination of fast rate adaptation (and some power control if necessary), 
50 and centralized scheduling at the BS. In addition to enabling fast scheduling, this mechanism enables the use of ad- 
vanced techniques such as hybrid ARQ and various flavors of incremental redundancy. These techniques are appli- 
cable when fast rate adaption is used (as opposed to conventional power control) and are aimed at improving network 
and user performance. 

[0007] The multiple access protocol used is a modification of the DQRUM A protocol described in "Distributed-Queue- 
55 jng Request Update Multiple Access (DQRUMA) for Wireless Packet (ATM) Networks," by M. J. Karol, Z. Liu, and K. 
Y. Eng, in Proc. Intl. Conference on Communications, pp. 1224-1231, June 1995, and is optimized for packet data 
systems using CDMA in the reverse link. The interference management scheme has several options. One option relates 
to relatively slow scheduling by averaging across various measurements (in the reverse link) in order to optimize purely 
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for user level satisfaction. The averaging eliminates or reduces any channel variations and renders the effective channel 
somewhat static. Another option relates to fast scheduling by tracking and exploiting channel variations to improve 
throughput and reduce interference. A combination of these options can also be performed. Moreover, each component 
is applicable independent of the other components. For example, the protocol is applicable with any interference man- 

5 agement scheme and any scheduling scheme. 

[0008] In CDMA systems, the reverse link consists of users transmitting individually with little or no synchrony be- 
tween users. Data from a user can be classified into three broad categories: control and signaling information (such 
as powercontrol bits, channel quality information, etc.), protocol information (for example, access reservation requests), 
and actual data traffic relevant to the service. These (and possibly more) classes of data, are usually spread using 

10 separate Walsh codes. For example, the first Walsh code may be designated for signaling, the second for protocol 
information, and the third and fourth for voice and data services, respectively. These spread messages are then com- 
bined and further spread using the user-specific long code. The initial Walsh spreading is done to enable the BS to 
differentiate between the categories of data, and the subsequent long code spreading is done to differentiate between 
users. 

15 [0009] For instance, Walsh code 2 could be used for making requests for channels to transmit in the uplink. If the 
reservation is accepted and a reverse link transmission is scheduled, then data is sent along Walsh code 4. During a 
given transmission, any combination of these Walsh codes could be used thereby enabling the mobiles to send control 
information, as well as make reservations, along with traffic channel data (all of them simultaneously). The set of Walsh 
codes that will be used in any given system will be fixed across users. The user long codes will be generated as in 

20 current CDMA systems such as IS-95, IS-2000, or UTRAN. These long codes are applied on top of the Walsh coded 
streams and help distinguish one user's signal from another. Due to the use of user-specific long codes, the same set 
of Walsh codes can be used by every user to spread different data streams. 

[0010] An example of the control channels (including bit budgets) required is outlined in thefollowing. Thesechannels 
can be sent over separate Walsh codes or can be time-multiplexed onto a single code. This structure could be used 
25 to implement the protocol described in the following section. 

The Reverse Pilot Reference Channel 

[001 1] This channel carries the transmit power used for the mobile station's Reverse Pilot Channel. It consists of a 
30 6-bit field transmitted once every 1 0 ms, and aids the base station in making scheduling decisions. 

The Reverse Request/Update Channel 

[0012] This channel is used by the mobile station to make new or updated scheduling requests to the base station. 
35 This 6-bit field indicates the size of traffic data to be transmitted (expressed as number of 768-bit packets), and is 
transmitted once every 10 ms. 

The Reverse Rate Indicator Channel 

40 [0013] This channel is used by the mobile station to indicate the data rate on the Reverse Packet Data Channel. 
This 4-bit field is sent in a single slot, every packet. If the base station and the mobile station are not implicitly aware 
of the information block size to be used on the data traffic channel, then additional bits can be added to carry this 
information. 

45 The Reverse Hybrid ARO Control Channel 

[0014] This channel carries control information to aid in the Hybrid ARQ operation at the base station receiver. Hybrid 
ARQ is well known and is disclosed in publications as "Error Control Coding: Fundamentals and Applications," by S. 
Lin and D. J. Costello, Prentice Hall, 1983, pages 477-481 and "Error Control Systems for Digital Communication and 
so Storage, by S. B. Wicker, Prentice Hall, 1995, pages 409-422. 

The Forward Schedule Grant Channel 

[0015] This channel communicates a reverse link transmit start time to one or more mobiles. This channel may be 
55 a common channel or overhead channel that identifies a particular mobile for message reception, or it may be a mobile 
specific channel communicating a message such as a one bit message. Messages on this channel may also be used 
to communicate reverse link data rate and/or transmit levels. In addition, this channel may also carry messages indi- 
cating amounts of data to transmit on the reverse link and/or a reverse link transmit stop time. 



3 



EP 1 257 140 A1 



The Forward Link Hybrid and ACK/NACK Channel 

[0016] This channel communicates ACK or NACK bits to one or more mobile stations to support the Hybrid ARQ 
operation. This channel may be a common channel or mobile specific channel. 

5 [001 7] FIG. 1 illustrates a receive power budget for an uplink channel; however, in CDMA type systems this can be 
thought of as a "total" noise or interference budget. A portion of the budget shown as N 0 W \s the total background or 
thermal noise in the bandwidth W. The value A is the total amount of received power that the receiver can accept. The 
value A is typically defined such that A/N D W= 3-6dB. l Q c refers to the interference received from other base stations 
or sectors. Values S| through S n refer to the amount of power received at the base station from all power controlled 

10 channels and voice users 1 through n. S data refers to the remaining received power available to other users such as 
data users. 

[0018] In CDMA type systems, for each user's signal received by the base station all of the other users' signals 
appear as noise. For example, if there are no data users, the total noise received at the base station with respect to 
user signal S 2 is the sum of N Q W., \ oc , user signal S 1 and user signals S 3 through S k . CDMA systems use power control 

15 for each of the users to limit the received signal power so that it satisfies an acceptable error rate while minimizing the 
power received by the base station so as to minimize the noise with respect to other user signals. 
[001 9] S data represents the available receive power or interference that may be received as a result of another user, 
such as a data user, without causing unacceptable error rates in other user signals received at the base station. Adding 
a data user will increase the overall noise and will require an increase in the signal power received at the base station 

20 from each user S-| in order to maintain acceptable error rates for each user. This increase may be executed prior to 
allowing the data user to transmit to avoid any disruption in transmissions received from users Sj. As a result, the 
portion of the interference or receive power S data available for a data user is slightly decreased by the increased budget 
provided to each of the users Sj. 

[0020] The data user is instructed to transmit data over the uplink at a standard rate that will be received at the base 
25 station with the power level of S data or less. It should be noted the rate may be limited by the channel conditions between 
the base station and data user and the amount of transmit power that the user has available. 
[0021] Each data user is scheduled so that only one data user at a time is using the S data receive power budget; 
however, S data may be divided into portions assigned to different data users so that the different data users may transmit 
simultaneously. 

30 [0022] Data users are scheduled to transmit based on parameters such as the quality of service or priority purchased 
by the user, the amount of data to be transmitted, the time since the last transmission and the time criticality of the 
data to be transmitted. Generally speaking ; scheduling should be scheduled so that the users are treated fairly, inter- 
ference to other cells or sectors is minimized and the utilization of received data budget S data is maximized. 
[0023] The resource management protocol works as follows. 

35 

1 . Mobile stations request for RL traffic channel. This request consists of size of traffic data to be transmitted 
(quantized in bytes for example), information about mobile capabilities related to its power class, some auxiliary 
information related to the transmission, and QoS parameters or requirements such as delay orthroughput bounds. 

2. The BS stores the above information and measures channel conditions. It computes the maximum receivable 
40 power on the packet data channel and the corresponding data rate. A method to measure channel conditions and 

compute the data rate, based on interference issues, is discussed below. 

3. The BS computes a schedule based on the information it has received from all users and the information it has 
processed. The protocol supports the use of a variety of scheduling algorithms. The schedule can be computed 
at short intervals (e.g. the duration of one power control group) or long intervals (e.g. the duration of multiple 

45 frames). The duration between scheduling events depends on the degree of optimization desired; a short duration 

results in higher optimization but may require higher overheads and processing speeds. 

4. The BS may choose to transmit the value of the maximum allowable transmission rate R, or the corresponding 
receivable power for the high-speed RL packet data channel (denoted by S data (R) ). This information can be sent 
over a forward link channel at an appropriate frequency depending upon the choice of fast or slow scheduling. 

50 The computation of S data (R) is based on measurements and some prediction to account for changes in voice 

activity, and other power controlled services and channels. For any given system, there is a one-to-one corre- 
spondence between R and S data (R), as we will discuss later. However, the choice of transmitting R or S data {R) 
may be based on other considerations such as overheads and power consumption. 

5. The BS transmits the identity (or identities) of the user(s) and the corresponding transmit power(s). This infor- 
ms mation can be sent on the forward link along a common channel or dedicated channel(s). Alternatively, the BS just 

transmits user identities and the MS's determine the appropriate transmit power level required by using pilot meas- 
urements. The details of this technique are explained below. 

6. Subsequently the scheduled MS(s) transmits data at a rate allowed by the prescribed transmit power. 
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7. If the amount of data in the MS's buffer is below a certain threshold (which can be specified and made system 
dependent), then the mobile station may choose to transmit autonomously without going through the request/ 
scheduling process. 

8. Soft handoff (SHO) users are treated more carefully. Since MS's in soft handoff can simultaneously communicate 
5 with multiple BS's, more than one base station may schedule the user. Also, not all BS's in the "active set" may 

schedule the chosen MS. In this case, more than one option exists. 

Soft handoff options 

10 [0024] For mobiles in soft handoff, more than one BS can listen to any RL transmission. These BS's a re called the 
"active set". In systems such as IS-95 and cdma2000 Ix, the uplink pilot and power controlled channels/services follow 
the OR-of-the-downs rule: if even one BS in the active set commands that the MS decrease its power, then the MS 
obeys it. Conversely, the MS increases its power if and only if all BS's so command. This is done with a view towards 
minimizing the interference from SHO users. The same principle can be applied to scheduling: if every BS in the active 

15 set schedules a given mobile, then and only then will the mobile transmit. Furthermore, it transmits at the minimum of 
the power levels (and hence the corresponding data rate) assigned by the BS's in the active set. This is a conservative 
approach, and hence results in cell shrinkage and lower throughput. Other approaches proposed include scheduling 
a very low rate channel to every SHO user. This leads to an ad hoc utilization of the channel and interference man- 
agement. We propose two new solutions: 

20 

Option 1. For SHO mobiles (more generally every mobile), strict scheduling deadlines could be maintained for 
the data services so as to guarantee a minimum QoS at the anchor point where data throughput and delay pa- 
rameters can be measured. An example of an anchor point is the IWF or the base station controller (BSC). With 
such a rule, the anchor point instructs all BS's in the active set to schedule a certain MS, if it finds that QoS 
25 requirements will be violated. This message is sent over the backhaul to every BS in the active set and overrides 

scheduling decisions made by the BS's. The MS then transmits at the minimum of all the power levels (and hence 
data rates) indicated by the BS's in the active set. This allows for "fair" treatment of SHO users and does not suffer 
from the cell shrinkage problem as earlier. The QoS requirement thresholds can themselves be based on radio 
link protocol (RLP) timers. 

30 Option 2. SHO users receive scheduling information from individual BS as earlier. If a MS is scheduled by some, 

but not all, of the BSs in the active set. the MS makes a randomized decision to transmit. This allows for SHO 
users to transmit sometimes but not always, and in particular does NOT rely on any centralizing of control at the 
BSC. SHO users will typically pick the transmit power corresponding to the lowest value in order to minimize 
received interference. 

35 The randomization could be biased based on interference considerations, and can be set or changed during op- 

eration. 

In general, for hybrid ARQ to work for SHO users, an explicit rate indicator should be used in the RL. Hybrid ARQ 
for SHO users can be done at two levels - at the BS or at the anchor point. Each BS performs an independent 
hybrid ARQ operation, which exploits time diversity. On the other hand hybrid ARQ (or Chase combining) can be 
40 performed at the anchor point (say, the BSC) by combining sub-packets from various BS's - this exploits both time 

and space diversity. 

Interference Management 

45 [0025] The following section provides an example method to estimate channel conditions (near instantaneous or 
short term channel loss coefficients on the reverse link) in orderforthe base station to determinethe maximum possible 
rate at which any given mobile can transmit in the reverse link. This is done with a view towards managing inter-cell 
and intra-cell interference. 

[0026] Consider users in a given sector serviced by a BS offering various classes of traffic. Each class of service is 
50 treated differently. For example, voice may be served using power controlled channels, and delay tolerant data is best 
served using rate controlled shared channels. At any given instant every BS maintains a threshold A for the tolerable 
received power. This threshold is usually set based on the characteristics of the receiver hardware at the BS, as well 
as coverage considerations. Typically A is specified with reference to the thermal noise power N Q W. Within certain 
margins of safety, it is important to ensure that the aggregate received power at the BS does not exceed the threshold 
55 A. This condition may be required every instant, or on average over a fixed duration. In the latter case, A is a function 
of time. Since the aggregate power bin consists of signals from various sources which are seen as interference by 
each other, we also'refer to it as an "interference bin" whose size is A. As long as the aggregate received power at the 
BS is below the threshold A, the base station can admit new users into the system. This criterion forms the basis for 
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the following interference management calculations. 

[0027] Let there be k voice (and other power controlled) users in the system whose received powers are Sj (for i=1 
to k). Let Rjbe their transmission rates. Referring to Fig. 1 , let S data denote the remaining portion of the interference 
bin which we wish to allocate to a data user. Let S data (R) and (E b /N t ) R denote the power and target SNR-per-bit ; 
respectively, that should be received at the BS to support a rate R in a bandwidth W with a desired packet or frame 
error rate (say 1%). The relation between S data (R), {E^N^ and R is simple: 



10 
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[0028] Given a leftover power S data , in order to determine the highest supportable rate, the BS proceeds as follows. 

15 

1 . For every rate in the pre-specif ied (discrete) rate set, the BS computes the corresponding S data (R) using equation 
(1). These can be tabulated. 

2. From this table, the BS picks the largest value of R for which the required power S data (R) does not exceed S data . 

20 [0029] This ensures that the desired packet error rate condition is always met. 

[0030] N Q and A are system dependent parameters, which are typically available only at the BS receiver. If the value 
of S data is to be used by the mobile to compute R, then N Q and A will also have to be broadcast periodically. 
[0031] An important observation is that equation (I) is not particular to any user - it just computes the maximum data 
rate receivable by the BS given a certain portion of allowable received power S data . Let the i-th mobile's signal expe- 

25 rience a channel loss L. Then, the required transmit power P 1 (R) to achieve the data rate is 

data 

P i date (R)=S date (R).L i . (2) 

30 [0032] Based on the estimates of P ' (R) (which in turn requires an estimate of the channel loss Ljj and other 
considerations such as fairness and QoS, interference etc., the scheduling algorithm chooses one or more users at a 
time and grants them permission to transmit on the uplink. In the above equations, we used "steady state," i.e. time 
invariant expressions for S data (R) and L r In a real system, the received power accrued from each power controlled 
channel varies in time due to power control and channel variations, which we indicate by the time variable t. As a result, 

35 the aggregate received power also varies, and so does S data (R). Further, the channel loss L, (f) is unknown to both the 
BS and the MS. In the following, we describe methods of computing S data (R, t), P^dd and 

A. Computing leftover power S data 

40 [0033] Let S PC (f) denote the instantaneous received powers of the j-th power controlled (PC) uplink channel. These 
include voice traffic channels of users, their uplink pilot codes, and any control and signaling channels. Note that the 
data rates of these PC channels are known a priori. Therefore, the desired steady state value (under full loading) of 
the received power that ensures satisfactory error rates on each of these channels can be calculated using Equation 
(1); denote this steady state value by S PC . Also, let l oc (t) denote the interference from the neighboring cells. 

45 [0034] For each PC channel, power control attempts to ensure that S PC (f) , but usually does not succeed due 
to load and channel variations. Hence, it is important to estimate these c4refulrj/ in order to compute a safe value for 
S data {R,f), i.e., one that ensures that the interference bin threshold A is never exceeded. This can be done in different 
ways. 

50 1 . The received power for all PC channels is exactly what is measured at time t. Then, 



•wk,o = a-£s; c (0-/^(0 o) 

j 

55 

2. The received powers for all PC channels are invariant and taken to be their steady state values. Then, 
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5 This can be simplified further by assuming a steady state value / oc for l oc (f), which makes S data (R, t) = S dara 

(R) time invariant. This assumption is valid over long durations and hence the above rule is useful for "slow" 
scheduling. 

3. The received power for all PC channels is always estimated to be the maximum possible. Then, 

10 

sJiR.*)"** A-Xm'ax(^ c (0^; c )-/™ (5) 

/ 

15 where / oc _ max is a prespecified maximum value of expected other cell interference. This is very conservative 

and results in allocation of minimum remaining power for data users. This leads to under-utilization of the interfer- 
ence bin, but is always safe. 

4. The penalty imposed on the data power in the option 3 above can be alleviated somewhat by using the maximum 
20 value for aggregate received power from all the PC channels. 



25 
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35 
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There is some benefit due to the fact that the aggregate power undergoes averaging and hence does not change 
fast. This can make the estimation of S data (R, t) somewhat simpler and also less susceptible to errors. 

B. Estimating the data channel transmit power P^ (fl,f) via channel loss coefficient Lj (f). 

[0035] We previously stated (see Equation(2)) that the BS schedules users based on knowledge of the required MS 
transmit powers P 1 (R). Estimation of the (time varying) transmit power P 1 (R, t) requires an estimate of the channel 
loss coefficient Lfjf^he desired accuracy of the estimate depends on the a scenario of interest. We now outline three 
methods that are novel and explain their applicability in different scenarios. 



1 . The i-th MS determines its own channel loss coefficient L f (t), by averaging the path loss coefficients observed 
in the forward link via the BS pilot measurements. This averages out short term channel variations and mostly 
reflects just the path loss and shadow fading effects; hence the estimate of L } (t) is approximately equal to Lj. In 
other words, the MS gains knowledge of the channel losses due to its geographical position, but cannot track 

40 Rayleigh fading. Subsequently the MS reports the calculated value of /_,- (f) periodically to the BS. This method is 

especially suited for slow scheduling. 

2. Every MS begins with a fixed reference pilot at "fixed" power, and subsequent pilot transmissions may be power 
controlled by the BS. The BS keeps track of the PC loop and estimates the transmit power in the instantaneous 
pilot. The BS also measures the received power in the instantaneous pilot signal and estimates the instantaneous 

45 channel loss coefficient Z_,(r). Note that the power control commands maybe received in error at the BS and hence 

the pilot transmit power tracking may deviate from the true value. This is especially true in SHO situations. In order 
to rectify this, the MS sends the reference pilot at the predetermined "fixed" power periodically. This allows for the 
BS to resynchronize with respect to the pilot power and thereby correct its estimate of L,- (t). Local corrections in 
the tracking algorithm can be made if the received power at a given instant is above that corresponding to the 

50 expected transmit power. However, these local corrections have limited applicability since the higherthan expected 

received power may be due to instantaneous changes in channel conditions and not just due to the variable user 
load. Further, if the fixed power reference pilottransmissions from all MSs are synchronous, the interference pattern 
at the BS displays some periodicity and impulsive nature, which is undesirable. In order to limit the combined 
interference from all users transmitting pilot of fixed power, we stagger the instants at which each user transmits 

55 the periodic reference pilot. 

3. In some situations, it may be undesirable to transmit the pilot at a fixed power since this may create high inter- 
ference to other users. The following can be adopted as an alternative to sending the pilot at a fixed power. The 
MS sends an explicit signaling message informing the BS periodically of the transmit power in the pilot signal. The 
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BS can now resynchronize in case of error in PC loops. This method of estimating instantaneous value of /_,-(/) is 
especially suited for fast scheduling. 

4. In yet another alternative method, the mobiles estimate the value of L, (t) based on the ratio of the RL transmitted 
pilot power and an estimate of the received pilot power at the BS. The method works as follows: Let S ' (R p j iot ., 
f) and R pUot be the received pilot power and effective pilot channel data rate of the i-th user at the BS p (note that 
Rpii ot is the same for all MS's). As before, S data (R, t) and R denote the received traffic channel power and data 
rate at the BS. Since both the pilot and traffic channel signals transmitted by the i-th MS are subject to identical 
channel conditions, the following relationships hold. 



p' P i,ot ( R P «op n = s'pHot ( R > Q- L i ® 



(7) 



~ S data (R, t) L ; (t) 



(8) 



Substituting for L, (f) from Equation (7) into Equation (8), we have 



? data (R,t) and P> pilot (fl p/Jof , 0 f l 



J pilot \ ^ pilot ^ 



0 



(9) 



Now, we only need the second term on the right hand side above, which is the ratio of the data and pilot channel 
received powers at the BS. Rewriting Equation (1) for S data (Ft, t) and S ' (R pilot ,f)., we have 



S dal M0 = (N o W + A) 
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Subsituting for S data (R, t) and (R piiot t) from Equations. (10) and (11) into Equation (9), we obtain 



P La( R ^) = P pilot( R pilot ^) 
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[0036] Note that R (or S data (R,t), N Q , and A is known to all MS's since the BS broadcasts this information. Further 
the i-th MS knows the exact pilot power data (R, f) and S ' {R p n ot , f), and also the other quantities required to evaluate 
Equation (12). Thus, the mobile obtains an estimate of'the data channel transmit power data (R, f) and S 1 (R, f) via 



data 



an implicit estimate of the channel loss L, (t), using the well-known pilot channel as a reference. Any power-controlled 
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channel with a well-known data rate may be used as a reference instead of the pilot. 

[0037] Some of the auxiliary issues related to the above calculations (independent of the method) include: 

1 . The BS has to provide some margins for l oc (t), and variations due to PC loops, fading etc. 
5 2. For mobiles in soft handoff, some but not all of the BSs in the active set may schedule a MS. If the MS chooses 

to transmit, it picks the lowest rate among the choice of rates broadcast by the various BSs. This may lead to 
interference in those BS's which did not schedule the MS. But this can be managed by building margins in l oc (t) 
as discussed above. 

3. All data mobiles in a given cell should be synchronized at the slot level with the PCG and across sectors/cells. 
10 4. Scheduling one or more users at a time depends on a balance of frame fill efficiency and the necessary downlink 

signaling overheads. 

5. Fast scheduling works best with one user at a time (to manage overheads). This not only eases the problem of 
interference management, but also makes the design of scheduling algorithms easier. Numerous results exist on 
the optimality of scheduling one user at a time. Further, every additional user further increases interference to 

15 voice users since the user-specific spreading codes used on the uplink are not orthogonal. On the other hand, the 

efficacy of fast scheduling also depends on the control overheads needed to enable it. 

6. Sometimes it may happen that the scheduled user's received signal is not strong enough to fill the interference 
bin even when transmitting at maximum allowed power. In such situations, it may still be useful to schedule addi- 
tional users so that the available interference bin is fully utilized. Consequently, the available received power S data 

20 (R t f) is appropriately split, and the value H 1 (or S 1 (R,t}) is communicated to the i-th MS. 

7. Data traffic originating at a mobile may be sucl^that small packets need to be sent on the uplink quite often. 
This happens when TCP acknowledgments (ACKs) (which are typically 40 bytes long) need to be sent for data 
packets received on the downlink. For downlink intensive services such as web browsing, ACKs form a large 
fraction of uplink traffic. Hence it may be desirable to send them on a dedicated power controlled uplink code 

25 channel. Such a channel may be of sufficiently low rate, and gated off when not necessary. This is beneficial since 

returning the ACKs without any scheduling delay has a salutory effect on TCP and keeps the downlink pipe well 
utilized. The ACK packets can also be time multiplexed with other control information on existing uplink control 
channels such as the Reverse Fundamental Channel of cdma2000 Ix. Finally, such dedicated channels can always 
be accounted a priori in the calculation of S data (H). 



Claims 



1 . A method for receiving information used for controlling uplink communications, comprising the steps of: 

35 

receiving reverse pilot channel transmit power information on a first channel; and 
receiving traffic data size information on a second channel. 

2. The method of claim 1 , wherein the channels are distinguished using time. 

40 

3. The method of claim 1 , wherein the channels are distinguished using Walsh codes. 

4. The method of claim 1 , further comprising the step of receiving data rate information on a third channel. 

45 5. a method for controlling uplink communications, comprising the steps of: 

receiving a reverse link traffic channel request having traffic data size information and a user 
station's capability information; 

using the traffic data size information and the user station's capability information to schedule the user 
50 station's use of a reverse link; and 

transmitting information to the user station indicating a reverse link start transmit time. 

6. The method of claim 5, further comprising the step of transmitting information specifying a transmit level to be 
used by the user station on the reverse link. 

55 

7. The method of claim 5, further comprising the step of transmitting information specifying a transmission rate to be 
used by the user station on the reverse link. 
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8. The method of claim 7, further comprising the step of transmitting information specifying a transmit level to be 
used by the user station on the reverse link. 

9. A method to control uplink transmissions in a wireless communication system, comprising the steps of: 

transmitting an increase transmit power command to a plurality of voice users in anticipation of transmission 
by at least one other user; 

communicating an uplink data rate to the at least one other user; and 

receiving data from the at least one other user over an uplink channel at the uplink data rate. 

10. The method of claim 1, further comprising the step of communicating an uplink transmission duration to the at 
least one other user. 
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